Modélisation de la sémantique formelle des langages de programmation en UML et OCL by Malenfant, Jacques
Mode´lisation de la se´mantique formelle des langages de
programmation en UML et OCL
Jacques Malenfant
To cite this version:
Jacques Malenfant. Mode´lisation de la se´mantique formelle des langages de programmation en
UML et OCL. RR-4499, INRIA. 2002. <inria-00072089>
HAL Id: inria-00072089
https://hal.inria.fr/inria-00072089
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
IS
SN
 0
24
9-
63
99
 
 
 
 
 
 
 
IS
RN
 IN
RI
A/
RR
--4
49
9-
-F
R ap por t  

de  r ech er ch e 
THÈME 1
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Modélisation de la sémantique formelle des langages
de programmation en UML et OCL
Jacques Malenfant
N° 4499
Juillet 2002
Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 Rennes Cedex (France)
Téléphone : +33 2 99 84 71 00 — Télécopie : +33 2 99 84 71 71
 
	
	

ﬀﬀﬁ	
ﬂﬃ! "#$

%&
''&
(
#ﬁ'#ﬁﬀ	
)*+ ,-.0/213,
46587:9<;>=@?BAC5EDF=:GHI58GKJ"L
MONQPSRTUWVYXZ\[IT\]_^a`bTScd[Iea[IcfPgRhT\[
ikjml_noTScMjmpq[frsTgtut
X]_vQv8lsjfcwaTjmTgxyNQTgjmxyNQT{z6|}s}@~@~hV@^QpqtutqT
cd_@@VUg~v]ssTg[
b\Łl@^[WvQjfl@vEl:[Il@z[^QzTﬀRZ
cmNQlawaTh[fea[ocmZSR]"cmpq:^QTﬀT
cvQjm]ssR]"cmpq:^QTwQTﬀRlawaZStqpq[m]"cmpul@zwaTtq][IZS
R]_z:cfp:^QTwQTg[<t]_z@]_@Tg[<wQTvQjmls@jm]sRhR]_cfpqlszWlszwaZgT[f^Qjﬁtq]wQTg[mx
jmpuvacmpul@zTSzﬀWT
c$.bwaT[fZSR]_z:cmpq:^QT\[
waZgzQl_cy]"cfpqlszzQTStqtuT\[ST
cIcmTd]_vvQjflaxyNQT[fTlszEwaT[I^jktq]vQjfZ\x
p[IpqlszhR]"cmNQZSR]"cmpq:^QTWwaTt][IZgR]sz:cfp@^TwaZSzQlscm]_
cfpqlszzQTStqtuTwaTR gRhT:^QT[f^Qj$tF¡ ]@xSx
T\[f[fpq¢QputqpucfZ.T
cktqT.jm£stqTOvQjmZSv8lszwaZgjm]sz:c>waT\[$waZ
¤EzQp¥cmpul@z[>TSzWﬁ¦@.bv8ls^Qj
jmZSv8lszwajmT§waTS^Q`h@jm]szwaTg[$:^QT\[ocmpul@z[¨©IU\ªl@RRhTgz:cx
lsRR^QzQp@^TSjk]_^Q`vQjmls@jm]sRhRTg^Qjm[ﬁ^QzTdwaZ
¤EzQp¥cmpul@z
vQjmZgxSpq[fTwK¡ ^Qz«tq]szQ@]ssTbwQTvQjmls@jm]sRR]_cfpqlsz¬cfl@^acTSz­jfT\[ocy]_z:ch]@xSx
T\[f[fpq¢QtuTﬁ®bTSc¯©FsªlsRRTSz:cpuz:cfZgsjmTSjh§
t]°±²waT\[RhlawaPgtuT\[waTt]B[IZgR]sz:cfp@^TwQTg[t]_zQ:]_sT\[waTvQjfl@sjy]_RR]"cmpul@z³waTR]_zQpqPSjmTx
l@NQZSjmTSz:cfTTSc
^QzQpulsjmRTb]µ´sT\x^QzQTbwQZSR]_jyxyNQT¶dﬀ®°W]sz[tqTbx
l@z:cfT
`cmTbwaT¶t]°±ﬀ·ﬁwQTcfTgtq[ﬀRhlawaPgtuT\[v8TSjmRT
cIcmjfl@z:c
wK¡ ]_vQv^QesTgjtqTwQZS´sTgtul@vQv8TSRTSz:ctqls@pqxSpuTgtvE]_jh^QzQTsZSzZSjy]"cfpqlsz­]_^acmlsR]"cmpq:^QTwaTxSlawaTb´@TSjy[waTRﬀ^t¥cmpuvQtqTg[
t]_zQ:]_sT\[xSpu¢QtqTg[©¸ZS´sTgz:cf^QTgtutqTSRTSz:c[Iv8ZgxSp¥¤8@^Tg[O§ﬀwaT\[OwalsR]_pqzQT\[S·:ls^°º¹aﬁªcfTSzE]_z:cOxSlsRvacmTWTS`vtupx
pucfTgRhTgz:c
waTtqTS^Qjy[wap¥»6ZSjmTSzEx
Tg[[fZSR]_z:cmpq:^QT\[S6l@^[putqtq^[ocmjfl@z[WzQl_cmjfT]_vQvjflaxyNQThv]_jº^QzQT[fZSR]_z:cmpq:^QTwa^¬tq]szQ@]ssT
waT[fvEZ\x
pu¤ExS]_cfpqlsz¯waTtq]:^]stupucfZwaT[fTSjm´pqxST¼ºk
½¿¾EÀgSÁmÂ@Ã¸¶Ät]_zQ:]_sT\[waTvQjmls@jm]sRR]_cfpqlsz<·:[IZgR]_z:cfp:^QTºwQZSzQlscm]"cmpul@zQzQTgtutqTs·adk·E.k·a]sjmxyNQpucfT\xÅcm^QjfT\[
waZgjfpq´sZgTg[OwaTg[RhlawaPgtuT\[©¸±W°ºª
ÆÇoÈ
ÉyÊÌËIÍËoÎ
ÏÐÎµÑ Ò
ËoÓ¸ÔFÑ ÏÕÇ$ÖµËk×6ÓÕËØÏFÉyÈÅÎµËÔFÙµÖ:Ú\ÊÛÉyÜ_ÝÅÓFÉmÏÕÝÅÑÌÓÕËkÞQßﬁàaá>âãäßå
 
	
'   ! "#$ﬀﬀﬁ	  
(
#>'#>ﬀ	
'
'ﬃﬀ'
ﬃ	S'*+ ,  /213,
 gÀ
	QÂ_À@¬TvQjmlsv8l@[fT]¶[fe[IcfTgR]"cfpx]szw¯vQjy]_sR]_cfpxRhTScfNQlaw¯cml¶RlawaTStcfNQTh[ITgR]sz:cfpxS[lskvQjfl@sjy]_Rh
Rpuz¬t]_zs^]ssTg[h¢ewaT\[fxSjfpq¢QpqzQwaTSzl_cm]spul@z]_t[fTSR]_z:cmpqxg[pqz d{]szw .kkMONQp[¶]_vvQjfl:]sxyNl@^QzwQ[
pucm[fTStuWpqzcmNQTBR]"cfNTSR]"cmpqxg]_tOvQjmTgx
p[fpul@zl_ºwaTSzQlscm]_cfpqlsz]stO[fTSR]sz@cmpqxg[]s[Tgtut]@[hpuz­cfNQTB]@xSx
T\[f[fpq¢Qputqpucoel_
dﬁ¦s. RlawaTgtq[ﬀpuz l@jmwQTSjcfl³]_z[Tgjc.lx
TSz:cmjm]st:^QTg[IcfpqlszE[¨©IU\ªdl
 xg]_z.Tbx
l@RRﬀ^QzQpxS]_cfTcml
vQjmls@jm]sRhRTgjm[ﬁ]dvjfT\x
p[ITwaTS¤zQpucfpqlszl_6]Wvjfl@sjy]_RRpuzQWtq]szQs^E]_sT\[NputqTO¢ETgpuzQ]@xSxSTg[m[Ipq¢QtqT®O]_zw©Õ@ªl

xS]sz.Tpuz:cfTgsjy]"cmTdpqzbcmNQT°± RlawaTSt[lsjOcfNT[fTSR]sz@cmpqxg[.l_vQjmls@jm]sRRhpqzQtq]szQs^]ssT\[xSlsNQTgjfTgz@cmtue]szw
^QzQpulsjmRTStqep¥cmN«]¬d ]svQvQjml@]sxyNd®ØzcfNQTB°± x
l@z:cfT
`c\·>[f^xyN­RhlawaTgtq[pqtut]stutql
&^[cflÄ[f^[ocy]_pqz
[fl_äcO]_jmTwaTg´sTStqlsvRhTgz:cpucfN ]_z«]_^acmlsR]"cmpqxsTgzQTSjy]"cmpul@z l_WxSlawaTcfl
O]_jywQ[R^Qt¥cmpuvtuTcm]sjf@T
ctq]szQs^E]_sT\[
©v8l@[m[fpu¢Qtqe³wQlsR]_pqzaØ[Iv8TgxSp¥¤Ex\ªNQpqtuTTS`vtupx
pucfTgtuecm]_rpqzQBpqz@cml]sxgx
ls^z@ccmNQTSpqjﬀ[fTSR]_z:cfpxS[wQpq[IcfpqzxÅcmpul@z[g¬T
pqtutq^[Icfjy]"cfTls^Qj]_vvQjfl:]sxyNpucfN¬]b[fTSR]_z:cfpxS[Wl_cfNQT¶¼º t]_zs^]ssTl@jdcmNQTh[fv8Tgx
pu¤Exg]"cfpqlszl_:^]stupucoe¯l_
[fTSjm´:px
Tx
l@z:cfjy]sxÅcy[.lsj[fl_äcO]_jmTWxSlsRvEl@zQTSz:cy[S
ﬀﬁﬃﬂ6Áﬀ¾ 
!@vjfl@sjy]_RRpuzQt]_zs^]ssTg[g·@wQTSzQlscm]"cmpul@z]_t8[ITgR]_z:cfpxS[g·:Wk·.·:BlawaTgt¥Ø°Wjfpq´sTgzb±jyxyNQpu
cfT\xÅcm^QjfT\[
 
		ﬀﬁﬂ	ﬃﬁ! #"$%&'&#)()()*,+-"./("/#0ﬀ	1324 65387'9:5 ;
< =
#>ﬃ kﬁ	

T
cO]_jfcfpx
tqTdvQjmlsv8l@[fT^QzTWwaZgR]sjmxyNTd[Iea[IcfZgR]_cfp:^QTWwaTWRlwQZStqpq[m]"cmpul@zbwaTdt]ﬀ[fZSR]sz@cmpq:^QTºwaTg[t]_zQ:]_sT\[
waTvQjmls@jm]sRR]_cfpqlszl@zwaZgT[I^Qjtq]waT\[fxSjfpqvacfpqlszTgzW¯T
c..BwQT[IZgR]sz:cfp@^Tg[$waZgzQl_cy]"cfpqlszzQTStqtuT\[S"i$]sj
x
TScIcmTwaZSR]_jyxyNQT@·:zls^[[fls^N]_pucfl@z[.jfZgvEl@zwajmTº§waTg^a`b@jm]szwaTg[O:^QT\[ocmpul@z[¨
>
lsRRTSz:cx
l@RRﬀ^QzQp:^QTSj]_^a` vQjmls@jm]sRhRTg^Qjm[^zQTwaZS¤zQpucfpqlsz xStq]spujmTs·vQjfZ\x
p[ITT
czlszaØ]_R¢Qpu?QT
wK¡ ^zt]_z@]_@TWwaTvjfl@sjy]_RR]"cfpqlsz¶cfls^QcTSz¯jfT\[ocy]_z:c]sxSxSTg[m[Ipq¢QtqT®
>
lsRRTSz:cpuz:cfZgsjmTSj§htq]°d±¿waTg[ORlawaPgtuT\[waTtq][fZSR]_z:cmpq:^QTwaT\[Otq]szQ@]ssTg[OwaTvjfl@sjy]_RR]"cfpqlsz
waTR]szQpqPSjmTxSlsNQZgjfTgz:cfTºT
c^QzQpulsjmRT]µ´sT\xd^QzTwaZSR]_jyxyNQTd®
<T\[ﬀt]_z@]_@Tg[waTvjfl@sjy]_RR]"cfpqlszwaTgRTS^QjmTSz:cwaTg[ﬀcfT\xyNQzQlstqls@puT\[xSTSz:cfjy]_tqTg[wa^­wQZS´sTgtul@vQv8TSRTSz:ctuls
spx
pqTStFﬁ¼W^QTxST¶[Il@p¥cTgz¬vjfl@sjy]_RR]"cfpqlszA@µR]_z^QTgtutqTCBls^Äv]sjsZSzZSjy]"cfpqlszÄ]_^QcflsR]_cfp@^TwQT¶x
lawaTs·put[tqT
jmTg[IcfTSjmlsz:ckTgzx
l@jfTtqlsz_cfTgRv[wQ]sz[kt]RT\[I^QjmTlDput[v8TSjmRT
cfcfTSz:cOwK¡ TS`avQjfpqRTSj¤zQTSRTgz@c.tuT\[waZScm]sput[w<¡ ^QzT
]_vvQtupxS]_cfpqlsz :^<¡ putWz<¡ Tg[Icv]@[b[fls^QN]sp¥cy]_¢QtqTwaT³jfTgvQjfZ\[ITgz:cfTSj¶wQpujmTgx
cfTSRTgz@cwQ]_z[btuT\[bRlawaPgtuT\[Siﬁl@^Qjfcm]_z:c\·
tF¡ ^acmputqp[f]_cfpqlszbwaT\[t]_z@]_@Tg[$jmTg[IcfTjm]sspqtup[IZgTv]sj^QzQTºx
l@RhvjfZgNQTSz[fpqlsz¶]_vvQjflµ`apqR]"cfpq´sTwQTdtqTS^QjO[IZgR]_z:cfp:^QT
vQjmZgxSpq[fTbv]sjﬀtqTg[hvQjmls@jm]sRhRTg^Qjm[g<°WZonI§³jfT\wals^acmZSTvEl@^QjtqTg[t]_zQ:]_sT\[sZgzQZSjy]_tqp[ocmTg[g·x
TvQjmls¢QtqPSRTbvjfTgzw
^QzQTwapqRTSz[fpqlsz¬vQtu^E[puRv8lsjfcm]sz@cmTh]µ´@TgxtÕ¡ ]µ´sPgzQTSRTgz@cwaT\[tq]szQ@]ssTg[º[fvEZ\x
pu¤E:^QTg[©/@Eﬀ	%ﬁFGﬂ+EIH	 JKHLﬁF
(ﬁ()$CBªÅ
Tg[M@µv8T
cmp¥cy[/Btq]szQ@]ssTg[g·g:^Qp:v8TS^Q´@TSz:cﬁvjfTgzwajmTwaT\[<l@jfRTg[ﬁwapq´sTgjm[fTg[g·gwK¡ ^QzQTO°ºM°ONº§^QzQTO[fe:z:cy]"`aT
vQ^Qjx
jm^<·:nols^TSz:cW^Qz³jf£@tuThwaThvQtu^E[WTgzvQtq^[ºpuRv8lsjfcm]sz@cwQ]_zE[WtqTwQZS´sTgtul@vQv8TSRTSz:cWtqls@pqxSpuTgtÕ Øt>Tg[IcºT\[f[fTSz:cmpuTgt
waT³vEl@^Q´sl@puj¯[IT³tuT\[]svQvQjmlsvQjmpqTSjbwQ]sz[tuT¬waZ
cy]_pqtÕ]­[IZgR]_z:cfp:^QTBlsjmRTStqtuT³vQjmlsv8l@[fT^QzQTÄ]_vQvjflaxyNQTwQT
waZS¤zQpucfpqlszbxStq]spujmTT
czQlszaØ]_R¢Qpq?QT@·sR]_p[kTgtutqTd[fls^a»6jfTWwK¡ ^zQTWxSls^QvQ^jfTvE]_jjy]_vvEl@jIc]s^a`¶x
lszz]_p[f[m]_zEx
Tg[$wQT
t]R]_nolsjmp¥cmZwaTg[vjfl@sjy]_RRTS^Qjy[Sa¡ ]st¥cmTSjmz]"cmpu´@T:^QTzls^[vjfl@vEl:[Il@z[OpqxSpx
l@z[fpq[IcfT§hT
`avQjmpqRhTgjtF¡ T\[f[fTSzxST
waTºtq][IZgR]_z:cfp:^QTl@jfRTStqtqTW[fls^[tq]lsjmRhTºwK¡ ^QzbRlawaPStqTddls^[zQTºvQjmZ
cfTgzwal@z[kv]@[S·:¢QpqTSz[QPQj\·@^T
tqTRlawaPStqT]_pqz[Ip>l@¢acfTgz:^³vQjmZg[fTSjm´sTcmls^acmTg[ºtuT\[ºvQjfl@vQjmpuZScfZg[ºwaThtq][fZSR]_z:cfp:^QTs·8R]_p[ºvQtu^Qcf£_c:^QThtuT\[ºwQTS^a`
waZS¤zQpucfpqlsz[vjfZ\[ITgz@cmTSjmlsz:cx
lsz_nolspqz@cmTSRTSz:ctqTg[]µ´"]_z:cm]ssT\[waTl@jfR]stupucfZT
cdwQTx
lsRvQjmZSNTSz[fpu¢putqp¥cmZs
°º]_z[tqT¶x
l@z:cfT
`cmT¶waTtq]B°±·tÕ¡ puz:cmZSsjy]"cmpul@z¬wQTcfTgtq[RlawaPgtuT\[waT¶t]_zQ:]_@Tg[ºvETgjfRTScIcfjy]BwK¡ ]_vQv^QesTgj
tqTwaZS´@TStqlsvQv8TSRTSz:ctqls@pqxSpuTgt<[I^Qjd^QzQTTS`vtupx
pucm]_cfpqlszvQjfZ\x
p[ITwQTg[tqpuTgz[Tgz@cmjfTRlawaPgtuT\[T
cvQjmls@jm]sRRhT\[SaT
waZg´sTStqlsvvETgRhTgz:c>tqls@pqxSpuTgtavQpqtulscfZv]sj$tuT\[$RlwQPStqTg[k[fT.lszwaT[f^Qj$^QzTsZSzZSjy]"cfpqlszwaTxSlwQT.´@TSjy[$waTRﬀ^t¥cmpuvQtqTg[
t]_zQ:]_sT\[x
pq¢QtqTg[g·8:^QThx
Tﬀ[flspucWv8ls^jºwapu»6ZSjmTSz:cfT\[´sTgjm[fpqlsz[wQ^tqlsspx
pqTStls^BTgzx
l@jfTv8ls^jºwapu»6ZSjmTSz:cm[º]s[fvET\xÅcy[
wK¡ ^QzQT¯R SRTB]_vQvtupxS]_cfpqlsz<>i$]_jtF¡ TS`vjfT\[f[fpul@zwaT¯t]³[fZSR]_z:cmpq:^QT¯waTg[t]_z@]_@Tg[ﬀ^acfpqtup[fZg[[fls^[lsjmRTwQT
RlawaPStqTg[ºR]_zQpqvQ^Qt]_¢tuT\[WTgz³]sRhl@z:cwaTht]b@ZSzQZgjm]_cfpqlsz<·8tq]RlawaZStqpq[m]"cmpul@zTScºt]b@ZSzQZgjm]_cfpqlszv8TS^´sTSz:cºcfTgzQpuj
x
l@RvacfTºT
`avQtqpqxSp¥cmTSRTSz:cwaT\[.wQp¥»6ZSjmTSzxSTg[.TSz:cmjfTºtuT\[O[IZgR]sz:cfp@^Tg[OwaTg[.t]_zQ:]_@Tg[k@ZSzQZgjm]stup[IcfTg[º©F,RSR ´sTSjy[f^[
:]µ´µ]·@vE]_j.T
`aTSRvQtqT\ªls^TSzxSlsjmTWwa^vElscfTSz:cmpuTgt6wQTg[.tq]szQ@]ssT\[[fvEZ\x
pu¤E:^QTg[gTgx
p6T\[oc§ﬀxSlsz:cfjy]s[IcfTgj]µ´sT\x^QzT
]_vvQjflaxyNQTlDtqTg[@ZSzQZgjm]_cfTg^Qjm[dwaTﬀx
lawaTh[Il@z:cdT
`cfTgjfzTg[]s^RlwQPStqTs·TScºwal@zxﬀwQTg[¢8l#TcfT\[dzlspqjfT\[wa^v8lspqz:c
waT´^QTRlawaZStqpq[m]"cmpul@z<
°º]_z[.tqTºvjfZ\[ITgz@c]_jfcfpx
tqTs·zQl@^[O]µ´sl@z[xyNlsp[Ip6waTzQls^E[l@zwaTgj[I^QjOtqTg[O[fZSR]_z:cfp:^QTg[OwaZgzQl_cy]"cmpul@zQzQTStqtqTg[g
TxyNQl@p¥`hz<¡ T\[ockvE]s[$tqpuRpucm]_cfpuwaTtÕ¡ ]_vvQjflaxyNQT@U tF¡ Zg´:pwaTgzx
T@·_tuT\[[fZSR]_z:cmpq:^QT\[$]"`apul@R]"cfp:^QTg[>v8TS^´sTSz:ck ScfjmT
ZS:]_tqTSRTSz:c^acmputqpq[fZST\[S·Ex
lsRRTtF¡ pqtutq^[IcfjmTtq]waZS¤zQpucfpqlszwaTtF¡WVXH	ZY[#\	HwK¡ WÄlD¯t][IZgR]_z:cfp:^QT
waTxyN]@@^ThxSlsz[Icfjm^xÅcmpul@zT\[ocwaZS¤zQpqThTgzcmTSjmRTwQThvjfZST
cvEl:[ocyx
l@zwapucfpqlsz[ºZgxSjfpucfT\[TSz .^]Ûº_U$`F
W^acmjfT¶tqT¸]sp¥cwaTb[fTbwalszzQTSj^QzQTb]st¥cmTSjmz]"cmpu´@T¶§x
TScIcfT]_vQvQjmlaxyNQT¶]"`apqlsR]"cmpq:^QT@·TSc[f]sz[´@ls^QtqlspqjTSz:cmjfTgj
wQ]sz[^QzQTv8lstqZSRp:^QTTSz:cfjmTwapu»8ZgjfTgz:cfTg[]svQvQjmlaxyNQTg[.l@jfRTStqtqTg[g·atq][fZSR]_z:cmpq:^QTwaZgzQl_cy]"cfpqlszzQTStqtuTvjfZ\[ITgz@cmT
waTzQlscfjmTv8lspqz:cwQTh´^QT[f^ba¶[f]sRhRTgz@cwK¡ ]µ´"]_z:cm]ssT\[dv8ls^Qj.no^[Icfpu¤Tgj[Il@z³]_vvEl@jIcwQ]_zE[tuTx
l@z@cmT
`cfTwaTht]
°±ﬀgi>l@^QjjmZSv8lszEwajfTk]s^a`waTS^Q`:^QT\[ocmpul@z[<vjfZ\x
ZgwQTSz:cfT\[S·gzQl_cmjfT]svQvQjmlaxyNQTk[ITlszwQTwal@zxk[f^Qjt]vQjmZgxSpq[fpqlsz
R]"cmNQZSR]"cmpq:^QTwaTt][fZSR]sz@cmpq:^QTwaZgzQl_cy]"cmpul@zQzQTStqtqTTSc[f^QjtF¡ ]@xSx
T\[f[fpq¢QputqpucfZT
ctqThjm£stqThvQjfZgvEl@zwaZgjm]sz@cwaTg[
waZS¤zQpucfpqlsz[TgzWk·E[S¡ puRv8l@[m]_z:cx
l@RhRTﬀW	%c(ﬁd I".#eHIwaTtF¡ ]svQvQjmlxyNTº°d±
°º]_z[>tqTOjfT\[ocmT.waTxST
ck]_jfcfpx
tqTs·µzQl@^[>Rlsz:cfjmlszE[ﬁxSlsRRTSz:c$v]s[m[fTSj$wK¡ ^QzQT[IZgR]_z:cfp:^QTwaZSzQlscm]_cfpqlszQzQTgtutqTO§
^QzhRlwQPStqTOWﬁ¦@.v]_j>^QzQTORZ
cmNQlawaT[fe[IcfZgR]"cfp:^QT.T
ckvQjy]_@R]_cfp:^QTsµlscfjmTO]svQvQjmlaxyNQT.[g¡ ]_vQv]sjfTgz:cfT
]_^v]_cfjmlszwaTdxSlszxSTSvacmpul@zﬀfﬁg"ﬂ+e".gb"Å·s§ºtq]¢]@[ITwQTOcfls^E[$tuT\[$vQjmlax
Tg[m[fTS^Qjy[>waTt]_zQ:]_sT\[ﬁpuRvQt]_z:cfZ\[k[fTStqlsz
tF¡ ]svQvQjmlxyNThl@¢anoT
cT
cﬀ:^Qp]¯ZScfZvQjmZg[fTSz:cmZ¶wQ]_z[tÕ¡ ls^Q´jy]_@Tﬀ¸]sRhTg^a`waTtq]¯¢E]_zwaTwaTg[:^]_cfjmTh] _ Wiº~j·
v<_};#`  Øt[g¡ ]sspucwal@zxwK¡ ]swQ]svacfTgjxST
cfcfTpwaZSTsZgzQZSjy]_tqT]_^ÄxS]s[waZgzQl_cy]"cmpul@zQzQTStF·KTSz¬vQjmTSz]sz:cTgz¬xSlsRvacmT
[fTg[[fvEZ\x
pu¤Ex
pucfZ\[:^Qp[flsz:cpuz:cfjmlawa^QpucfT\[waTR]_zQpqPSjmTvEZ\wQ]_@ls@pq:^QTwQ]_zE[tq]vQjmTSRpqPSjmTv]_jfcfpqT¶waTtF¡ ]sjIcmpqxStuT@
±vjfP\[t]WwQZ
¤zQpucfpqlszhwa^ﬀRlawaPgtuTO[Iez:cm]_`apq:^QT.wa^ﬀt]_zQ:]_@Ts·\zQls^[Rlsz:cfjmlszE[xSlsRRTSz:cﬁ[Icfjm^xÅcm^QjmTSjﬁtuT.RlwQPStqT
[fZSR]_z:cfp:^QTbwK¡ ]_¢8lsjyw¬v]_j^QzQTbcfjy]swa^x
cfpqlsz [fea[ocmZSR]"cmpq:^QT¶waT\[wQlsR]_pqzQTg[T
c´"]stuTg^Qjm[ﬀ[IZgR]sz:cfp@^Tg[v^Qpq[
ââ Îkbl$lm$m
}  4 # ﬁ
	
ﬀﬁﬀﬃﬂ

ﬀ ﬀﬁ!ﬀ"$#%$&('*)ﬀﬁﬀ"$ﬀ&+"ﬂ,.-/""$102"
ﬀﬀ"$$%"30456ﬀ$ ﬀﬀ10
ﬁﬀ"$$%"307ﬁ"$%"8ﬀ ﬀ309":ﬁ%"	<;>=
"ﬁ?ﬁ@ ﬀﬁA'4 -BﬂDC	E0F$%	G302ﬁﬀ)Hﬀﬀ$#I;J=
	ﬁ	$G$-%ﬀ	"K'L)ﬁﬀ"$ﬀ& -BﬂMNﬀ"ﬀO$%302!ﬀ"ﬀO302%;
P
C+ﬁ)ﬁﬂ%QRNﬀ"ﬀO%30S%QR!	"ﬀO%+;J=
ﬁ$ﬀ)	$&T	U'V)ﬀﬁﬀ"$& -<ﬂWﬁ%$)E0L
ﬀ%$ﬀ)ﬃ;
P
C+ﬁ)ﬁﬂD
ﬀ$ﬀ)ﬃQﬁ%$ﬀ);>=
)T	X'*)ﬀﬁﬀ".ﬀ& -Iﬂ?)E02$ﬀ?)ﬃ;
P
C+ﬁ)ﬁﬂW?)ﬃQM$ﬀ?)ﬃ;>=
 -	ﬁﬀO

@ﬀ ﬁﬀ"K'*)ﬀﬁﬀ".ﬀ&, -%ﬁﬀY,ZRﬁ[=
?%X'7.%ﬁ"$ﬀ&, -ﬁ	 =
;>=
"	".-	
ﬀ%IW
ﬀ%Iﬀﬁﬀﬃﬂ

ﬀ ﬀﬁ!ﬀ"$#%$&IQMﬂY56ﬀ$ ﬀﬀ10Fﬁﬀ".%";>=
"ﬁ?ﬁ@ ﬀﬁ$%	GK=
	ﬁ	$G$-%ﬀ	"QﬂR!	"ﬀO%+;J=
ﬁ$ﬀ)	$&T	BQWﬁ%.ﬀ)K=
)T	+Q,$ﬀ?)K=
 -	ﬁﬀO

@ﬀ ﬁﬀ"Qﬃ\$]R	,ZRﬁ[=
?%+^]3_a`b=
;>=
cedgfihﬁU
>2j
`aTgRhvtuTwaTxSlsz:cfjy]"cOTSz¼º
TSz«jy]"cIcy]sxyN]sz:cht]³[fZSR]sz@cmpq:^QT¯[Icm]"cmpq:^QT¯v]sjwaTg[vQjmZgxSlszwQp¥cmpul@z[hT
c¶waTg[pqz´"]_jmpq]sz@cy[S·>TSct]Ä[IZgR]_z:cfp:^QT
waez]sRhp:^QTv]_jwQTg[Ov8l@[Icmx
l@zwapucfpqlsz[[f^QjtqTg[l@vEZgjm]_cfpqlsz[OwaZS¤zQpqTg[vE]_jOtuTRlawaPgtuT@
kml ﬁ:nﬁÃ ﬁporq ﬁÃ 	tsvu 	wu ﬁx½Kqyodls^[ºpqtutq^[Icfjmlsz[dzQl_cmjfTh]_vQvQjmlaxyNQTv]sjW^zQTh[fZSR]sz@cmpq:^QThwK¡ ^QzQThv]_jfcfpqT
wa^t]_zQ:]_@T¶¼º{©z  YO ZCW	%c(Z5 )(ﬁ()\ªﬀwaT¶[fvEZ\x
pu¤ExS]_cfpqlszwaZgxStq]sjm]_cfpq´sTwaT¶t]B:^]_tqpucfZbwaT¶[fTSjm´pqxST
waT\[.xSlsRv8l@[m]_z:cm[tul@spx
pqTSt[O@^TWzQl@^[O]µ´sl@z[jmZg]stup[fZSTdvjfZ\x
ZgwQTSRRTSz:c8] ]stq:C`FQdzvjfl@sjy]_RRTº¼º³Tg[Ic
Tg[m[fTSz:cfpqTStqtuTgRTSz:c^QzQTW[IZgjfpqTwaTdwaZ\x
t]_jy]"cmpul@z[$waTcoev8Tg[wQTdx
l@z@cmjm]_cm[g·swaTdxSlsz:cfjy]"cy[$T
c.waTvQjml_¤t[gs<T\[kvQjml_¤t[g·
[fTSjm´µ]sz:c§]@[f[flax
pqTSjxSlsz:cfjy]"cy[TSchpqz:cfTSjf¸]sxSTg[g·zQT[Il@z:cv]@[xSlsz[fpqwQZSjmZg[px
pF$z TS`aTSRvQtqTwaTvQjmlssjy]_RRT
¼ºÄ]_vv]_jy] TcO§t]¤s^jfTUs
zhcoev8TdwaTdxSlsz:cfjy]"cy[>Tg[Icx
lszE[ocmp¥cm^QZwK¡ ^QzQTd[fZg:^QTgzx
TwaTWwaZgxStq]sjm]_cfpqlsz[>waTdwQpuRTSzE[Ipqlsz[g·_tqTg[m:^QTStqtuT\[k[flsz:c
lsjmRZST\[WwK¡ ^Qz¬pqwQTSz:cfpu¤ExS]_cfTg^QjºwQThwapqRTSz[fpqlszTScw<¡ ^Qz³coevETwaTwapqRhTgz[fpul@z­©pF Ts6^QzQT[Il@jIcmTwaTwapqRTSz[fpul@z
[f^Qpu´pqTls^¯zQlsz¯wK¡ ^QzQT^Qzp¥cmZwaTRTg[f^QjfTµªÅE¼º¬vQjmZS´@lspucx
pqz¶[flsjfcfTg[OwaTwQpuRTSzE[Ipqlsz[gQ<T\[OZSz^QRZSjy]"cmpul@z[g·
ZSz^QRZgjm]_cfpqlsz[O]µ´sT\xl@jmwajmTs·Tgz[ITgRﬀ¢QtqTg[.TScTSz[fTSR¢QtuT\[O]µ´sTgxWlsjywajmTdv8TSjmRT
cIcmTSz:cdwaTwaZS¤zQpqjwaTg[OzQpq´sT\]_^a`bwQT
:^]_tqpucfZwQTﬀ[ITgjf´px
Tﬀ§¶tÕ¡ ]_pwaTw<¡ pwaTSz:cmp¥¤Exg]"cmTS^Qjy[ﬀ©¸pÕ Ts8RlwQZStqpq[m]"cmpul@z ﬃﬁW	%G	|{#waTtq]@^E]_tqp¥cmZﬀwaT[fTSjm´pqxST\ª

Tg[pqwQTSz:cfpu¤ExS]_cfTg^Qjm[waZ
¤zpq[m[ITgz:cwaTg[´"]_tqTS^Qjy[kwaTd:^]stupucfZWwaTd[fTSjm´:px
T@·_ZS´@TSz:cf^TStqtuTgRhTgz:cx
l@RhvE]_jy]_¢QtqTg[>v]sjkt]
jmTSt]"cfpqlszwK¡ lsjywajfT@:°º]_zE[OtuT\[.wQpuRTSzE[Ipqlsz[OTgz[fTSRﬀ¢tup[ocmTg[g·awaTg[.TSzE[ITgRﬀ¢QtqTg[OwaT´"]_tqTS^Qjy[O[Il@z:cO]@waRpq[.TSz:cmjfTtqTg[I
:^QTSt[>^QzQTOjmTSt]"cmpul@zwK¡ lsjywajmTT\[oc$Z
cy]_¢QtqpqT©¸puzEx
tq^[Ipqlsz[fpatuT\[>´µ]stuTg^Qjy[pqzwapq´pqwQ^QTStqtuT\[>zQT[Il@z:cﬁv]@[$x
l@RhvE]_jy]_¢QtqTg[g·
pqzx
tq^[fpul@z]µ´sT\x$R]"nol@jm]sz@c>[IpqzQl@zEªÅ"]WwaTSjmzQpqPSjmT.[flsjfcfT.waTOwapuRTgz[IpqlszTg[Icﬁt]ºwapuRTgz[Ipqlszz^QRZSjmpq:^QT@·\[fTSjm´"]_z:c
¢QpqTSzBTgz@cmTSzwQ^¯§t]RlawaZStqpq[m]"cmpul@zB@^E]_z:cfpucm]_cfpq´sTwaTt]:^]_tqp¥cmZwaT[fTSjm´:px
T@QzQTﬀpuzal@jfR]_cfpqlsz¯puRv8lsjfcm]sz@cmT
wal@zQzQZSTºv]sj.^zQTwaZgxStq]sjm]_cfpqlsz¶waTwapqRTSz[fpul@zbT\[oct][fZSR]_z:cmpq:^QTºls^[IpqszQpu¤Exg]"cfpqlszwaTtq]zQl_cmpul@zwaT´"]_tqTS^j
vQjmZ
Zgjm]s¢QtuTºls^¯RTSpqtqtuTg^QjfT´"]_tqTS^j©~}3t/w}hls^Dtt/w/}QªÅ
zBxSlsz:cfjy]"cOvEl@^Qj[m]vE]_jfcOT\[ocdwQZ
¤zQpv]_jjy]_vQv8lsjfc§h[flszcoevETwQTx
lsz:cmjm]_cg·awaZg[fpqszQZwapqjfT\xÅcmTSRTSz:cv]sj
[flsz pwaTSz:cmp¥¤Exg]"cmTS^QjwQ]_zE[ﬀtqTg[hwaZgxStq]sjm]_cfpqlsz[ﬀ[IpqRvQtuT\[ﬀTSchpqzwapqjmTgxÅcmTSRTSz:chv]_jhtuTx
l@z@cmjm]_cZScfTSzEwa^wQ]sz[ﬀtqTg[
x
l@z:cfjy]"cm[ﬀwaZ
¤zpq[ﬀv]_jjy]#azQTgRTSz:cﬀwK¡ ^Qzx
l@z:cfjy]"cvQjmZ
 T
`ap[ocy]_z:cgﬁW^QcfjmT¶x
TSt]Q·^QzQTbwQZ
¤zQpucfpqlsz wQTbx
l@z@cmjm]_c
Tg[Icx
lszE[ocmp¥cm^QZSTwK¡ ^QzQT[IZgjfpqTWwQTxSlsz:cfjy]_pqz:cfT\[[f^QjOtuT\[.wQpuRTSzE[Ipqlsz[OwaZ\x
t]_jmZST\[wQ]sz[.tuTWcoevETwaTx
l@z:cfjy]"cgzT
x
l@z:cfjy]_pqz@cmT]_vvQtup:^QT]s^a`´µ]stuTg^Qjy[RTg[f^QjmZST\[[fTStqlszt]dwapqRTSz[fpqlsz^Qzﬀlsv8ZSjy]"cfTg^QjwQTx
l@Rv]_jy]_p[Il@zx
t]s[m[Ip:^QT
T
c^zQT´"]_tqTS^QjxSpu¢QtqTwaTt]hxSlsz:cfjy]_pqz:cfT@ 
ãgﬁâ<ãäß
 
		ﬀﬁﬂ	ﬃﬁ! #"$%&'&#)()()*,+-"./("/#0ﬀ	1324 65387'9:5 j
 
,Ä	
ﬂﬃ!	
ﬀ


 
		ﬁﬀﬃﬂ
°W^vEl@puz:c.wQT´^QTdwaTWtq][fZSR]sz@cmpq:^QT@·_t]waZ
¤EzQp¥cmpul@zbwK¡ ^Qz¶t]_zQ:]_@TOwQZS¢Q^acmTdv]sjk^QzQTº[Iez:cm]_`aT]_¢[Icfjy]_pucfT@
T
cfcfTh[Iez:cm]_`T]_¢[Icfjy]_pucfTTS`avQjfpqRTcmls^acmTg[WtuT\[vQNQjy]s[fTg[Wwa^t]_zQ:]_@Tﬀ[f]sz[d[g¡ TSRﬀ¢E]_jmjm]@[f[fTSjwaT\[WwaZScm]sput[W:^Qp
x
l@zx
TgjfzTSz:ctuTbjfTgzwa^ÄvQNea[Ip:^QTbwK¡ ^QzvQjmls@jm]sRhRT[fls^[t]lsjmRT¶wK¡ ^QzQT[fZg:^QTgzx
T¶wQTbxS]sjm]@xÅcfPgjfT\[]_z]_
tqe[m]_¢tuTb[fTStqlszwaT\[ﬀRZScfNQlawaT\[ﬀwK¡ ]_z]stuea[fTg[tqT
`apxS]stuT¶TSc[fe:z:cy]"`apq:^QT¶xSlszQz^QT\[Sﬁ][fZSR]sz@cmpq:^QT´p[IT@·v8ls^Qj
tF¡ T\[f[fTSz:cfpqTStF·K§bwaZS¤zQpqjx
lsRRTSz:c]"cfcfjmpu¢Q^TSjº^QzQT[IpqszQpu¤Exg]"cfpqlsz³§xyN]@x
^QzTwaT\[WvNQjm]@[IT\[WwQTg[WvQjfl@sjy]_RRTg[g·
TSzÄ[g¡ ]svQvQ^Qe:]_z:cº[f^Qjtq][fe:z:cy]"`aT]s¢[ocmjm]sp¥cmThwQ^³t]_zQ:]_@TsEdzQT[IZgR]_z:cfp:^QTﬀl@jfRTgtutqTh[g¡ ]"cIcy]sxyNQT§vQjfTgzwajmT
x
l@RRhThZStqZSRTgz@cy[WwQTh[fpu@zQpu¤ExS]_cfpqlszwaT\[ºls¢anoTScm[WR]_cfNQZgR]"cfp:^QTg[dlsjmRTStqtuTgRTSz:cºR]szQpuv^Qtq]s¢QtqTg[g8ThxyNQl@p¥`
waT\[Ols¢anoTScm[R]"cmNQZSR]_cfp@^Tg[O^acmputqpq[fZg[vEl@^Qjx
Tº¸]_pqjmTºT\[ocdxST:^Qp<wap[ocmpuzQ@^QTtqTg[wapu»8ZgjfTgz:cm[Ocoev8Tg[waT[fZSR]_zQ
cfp:^QTs
]W[IZgR]_z:cfp:^QTwaZgzQl_cy]"cfpqlszzQTStqtuT.walspuc$[Il@zzQlsR{]s^¸]_puc>:^<¡ TStqtqT´@lspuctqTg[vQNQjy]s[fTg[wQTt]d[fez@cy]"`aTxSlsRRT
@"waZgzQl_cy]_z:cIB¶tÕ¡ ls¢QnoT
cR]_cfNQZgR]_cfp:^QTWTS`avQtupx
pucm]sz:ctqTS^Qj[fpu@zQp¥¤8xS]"cmpul@z<]ﬀ[fZSR]sz@cmpq:^QTºwaZSzl_cm]_cfpqlszQzTStqtuTWjfTS
v8l@[fT.[f^Qj$waTS^Q`ﬀsjy]_zw[vQjmpqzx
pqvET\[.¨"tq]ºx
l@Rhv8l@[fpucfpqlsz]stupucfZT
c$tuTxg]_tx
^QtawaT.vEl@puz:cy[ﬁ¤Q`aTg[gµ]WxSlsRv8l@[fp¥cmpul@z]_tqp¥cmZ
Tg[Icﬀt]vQjmlsvjfpqZ
cmZ¶wK¡ ^zQT[fZSR]_z:cmpq:^QT¶wal@z:ct][Ipqszp¥¤Exg]"cmpul@zÄw<¡ ^QzTbvQNQjy]s[fTzQTwaZSv8TSzw@^TbwaTbt][fpu@zQpu
¤Exg]"cfpqlsz¬waT[IT\[º[fls^E[o vQNQjy]s[fTg[gQiktq^[ºcfT\xyNQzQp:^QTSRTSz:c\·Klszv8ls^Qjmjy]_pucwapqjmTh:^QThtuT\[ºls¢anoTScm[WR]_cfNQZgR]"cfp:^QTg[
jmTSvQjmZg[fTSz:cm]sz:cht]Ä[IpqszQpu¤Exg]"cfpqlsz wK¡ ^QzQTBvQNjm]@[ITzQT[flsz:c¶@^TBtuT¯jmZg[f^Qt¥cy]"c¶waTBt]Äx
lsRv8l@[fp¥cmpul@z«wQTg[l@¢anoT
cy[
R]"cmNQZSR]"cmpq:^QT\[jmTSvQjmZg[fTSz:cm]sz:ctq]B[fpu@zQpu¤ExS]_cfpqlszwaTb[fTg[[fls^E[o vQNQjy]s[fTg[gT
cfcfT¶vQjmlsvjfpqZ
cmZTg[IcﬀpuRv8lsjfcm]sz@cmT
wQ]sz[kt]RTg[f^QjmTlDTgtutqTdv8TSjmRT
cwaTd¸]_pqjfTWwaTg[vQjfTg^Q´sT\[kwaTWvQjfl@vQjmpuZScfZg[[I^QjtuT\[kvQjmls@jm]sRRhT\[>v]_jpuzEwa^xÅcmpul@z
[Icfjm^xÅcm^QjfTgtutqTW[f^Qj[fTg[vQNQjy]s[fTg[g·@Tgzb^acmputqpq[m]_z:cwaTg[.jmPS@tuT\[waTwaZgwQ^xÅcmpul@zwaZS¤zQpqTg[O[I^j.tqTg[.wapu»8ZgjfTgz:cm[coevET\[.wQT
vQNQjy]s[fTg[OwaTt][Iez:cm]_`aT]s¢[Icfjy]_pucfTs
Mls^act]_zQ:]_sTwaTvQjmls@jm]sRR]_cfpqlsz³^acfpqtup[fT¶waTg[[Icfjm^x
cf^QjmTg[ @"]s^acflsFjmZ
ZgjfTgz:cfpqTStqtuT\[/B@·Kx
l@RhRTtqTg[pucfZgjm]_
cfpqlszE[S·@tq]jmZgxS^Qjm[fpq´:pucfZl@^TSzxSlsjmTtuT0@)  eBwaT\[kt]_zQ:]_sT\[$§ls¢QnoT
cm[gs¡ l@¢anoTgx
cfpuKwQTdwalszzQTSj.§x
Tg[[ocmjf^ExÅcf^jfT\[
^QzQT[Ipqszp¥¤Exg]"cmpul@z [Il@^[t]Bl@jfRTw<¡ ^Qzls¢anoTScR]"cmNQZSR]"cmpq:^QTT
chtq]³x
lsz:cmjm]spuz:cfT¶wQTx
l@RvEl:[Ipucfpqlsz]stupucfZ]
]_RTgzQZs·<v8ls^jtq]B[fZSR]sz@cmpq:^QT¶wQZSzQlscm]"cmpul@zQzQTgtutqTs·]s^xyNQlspu`¬wK¡ ls¢QcfTSzpujt]B[fpu@zQp¥¤8xS]"cmpul@z¬wQTbx
T\[[ocmjf^ExÅcf^jfT\[
]_^Qcfl_ jmZ
ZSjmTSz:cmpuTgtutqTg[.v]sj.^z¯xg]_tx
^Qt<wQTvEl@puz:c¤Q`aTs
lszE[IpwaZSjmlszE[tÕ¡ pucfZSjy]"cmpul@z§cmp¥cmjfThwK¡ TS`aTSRvQtqTs6zQT[IZgR]_z:cfp:^QTL/+ﬁ".#ﬂ	#\-%wapqjm]b@^TﬀtF¡ TS`Z\x
^acmpul@z
wK¡ ^QzQTpucfZgjm]_cfpqlsz¯x
l@z[Ip[IcfT§´sZgjfpu¤Tgj.t]x
l@zwapucfpqlszBwaTtF¡ p¥cmZSjy]"cfpqlsz¯wQ]sz[tF¡ ZScm]"cºx
ls^jm]sz@c\·aT
cd[fp<t]x
lszEwap¥cmpul@z
Tg[Ic´:jy]_pqTs·8]_tqlsjy[dwaTxS]stqxS^QtqTSjdtF¡ Z
cm]_cºjmZg[f^Qtucm]sz@cwaTﬀt]vQjflaxyN]spuzTp¥cmZSjy]"cmpul@zvEl@^Qj]_vQvQtqp@^TSj§¶zQl@^Q´sT\]_^Bt]
[fZSR]_z:cfp:^QTWwQTWtF¡ pucfZgjm]_cfpqlszb§x
TWzQls^Q´@TSt8Z
cy]"cgadzQTdcmTStqtuTwaZS¤zQpucfpqlsz¶z<¡ Tg[IcOv]s[.x
l@Rhv8l@[fpucfpqlszQzQTgtutqTs·:vQ^Qp[m@^T
t][fZSR]sz@cmpq:^QTwaTtF¡ pucfZgjm]_cfpqlszÄwaZSv8TSzEw¬wQT[m]vQjmlsvQjmTh[fZSR]sz@cmpq:^QTB©ÕwaTR]_zQpqPSjmTjmZgxS^Qjy[Ipq´sTµªÅK]¯x
l@RvEls
[fp¥cmpul@z]_tqp¥cmZwaTt]¶[fZSR]_z:cfp:^QTwaZgzQl_cy]"cfpqlszzQTStqtuTpqRvEl:[IT@^Ttq][fZSR]sz@cmpq:^QTwaTtF¡ pucfZgjm]_cfpqlsz¯zQTﬀ[g¡ TS`avQjfpqRT
:^<¡ §bv]sjIcmpujwaThtq][fZSR]_z:cfp:^QTwQTht]bxSlszwQp¥cmpul@zT
cwaTx
TgtutqTwa^³xSlsjmv[WwQTtF¡ pucfZgjm]_cfpqlsz<K¡ pwaZSTx
l@z[fpq[IcfTh§
waZS¤zQpqjWt]b[fZSR]_z:cmpq:^QTﬀwQTﬀtF¡ pucfZgjm]_cfpqlszxSlsRRT^QzQTlszx
cfpqlszw<¡ ^QzZ
cm]_cWpqzQpucfp]_tﬁ´sTSjy[^zZ
cy]"cW¤z]_tF·8T
cºwQT
tF¡ l@¢acfTgzQpujvE]_jvEl@puz:c¤Q`aTsWzÄx
l@RRhTgzx
Tv]sjwaZ
¤zpujxST
cIcmThlszx
cfpqlsz¬vEl@^Qjcfl@^[tuT\[ºZ
cm]_cm[[f^QjtqTg[m@^TSt[
t]xSlszwQp¥cmpul@z³T\[oc¸]_^E[f[fTs·KvQ^pq[m:^QT¶[I^jxSTg[ZScm]"cy[TStqtqThT\[octF¡ pwaTgz@cmp¥cmZsﬁWz¬v]@[f[fTTSz[f^QpucfT]_^a`³Z
cm]_cm[v8ls^Qj
tqTg[m@^TSt[t]x
l@zwapucfpqlszTg[IcO´jy]_pqTWTSc@^¡ ^QzTp¥cmZSjy]"cfpqlsz]_RPSzTw]_z[.^Qz¯Z
cy]"cv8ls^QjtqTg:^QTgtKtq]hx
l@zwapucfpqlszTg[Ic
¸]_^E[f[fTs·aTScd]_pqz[Ip<wQT[I^QpucfT]µ´@Tgxx
Tg^a`:^QpwaTgR]_zwaTgz:cwQTS^a`K·acmjfl@pq[g·KuqapucfZSjy]"cmpul@z[g
ØtT\[ocWpuRv8lsjfcm]_z:cdwaTx
lszE[ocy]"cfTgjdwQ]sz[dxST
cdTS`TgRvQtuT@^Ttq]zl_cfpqlszw<¡ l@jmwajmT^acmputqpq[fZSTﬀvEl@^QjtF¡ l@¢acfTgz@cmpul@z
wa^¬vEl@puz:c¤Q`aTTg[Icpuz:cmpuRTSRTgz@ctqpuZgT¶§bt]¯:^]_z:cfpucfZwK¡ pqzalsjmR]"cfpqlszÄx
l@zQz^QT[I^QjtqT´"]_tqTS^Qj§¯xS]stqxS^QtuTgjgKT
xS]stqxS^QtwaTvEl@puz:ch¤Q`aT¯]s^QsRTgz@cmT§¬xyN]s:^QTZ
cy]_v8Tt]³:^]sz:cfpucfZ¯wK¡ pqzal@jfR]"cmpul@z­xSlszQz^QT¯[I^jt]l@zxÅcmpul@z
TSz ]_nols^acy]_z:cwaT¶zQl@^Q´sT\]_^a`³Z
cm]_cm[v8ls^jtuT\[f:^QTgtq[TStqtuT¶T\[ocﬀwQZ
¤zQpqTsﬁk¡ TSz[fTSR¢QtqT¶waTg[lszx
cfpqlsz[vE]_jfcfpqTStqtuT\[
waZS¤zQpqTg[.[I^QjtuT\[kZScm]"cy[zZgx
T\[f[fpucm]_z:c·EU@·:a·Euq:p¥cmZSjy]"cfpqlszE[kTg[Ic¢8lsjmzQZdvE]_jk^QzbvEl@puz:c¤`Tº:^QpT\[oc.tq]l@zxÅcmpul@z
waZS¤zQpqT.v8ls^jcmls^[>tqTg[ﬁZScm]"cy[>vEl:[f[fpq¢QtuT\[>§dtF¡ Tgz:cfjmZSTOwaTOtÕ¡ p¥cmZSjy]"cmpul@z<sW¡ T\[ockx
TOv8lspqz:c¤Q`aT:^QpaTg[IckxyNQlsp[fp:xSlsRRT
waZgzQl_cy]"cfpqlsz¯waTtF¡ pucfZgjm]_cfpqlsz<
k¡ ls¢QcfTSz:cmpul@zwaTv8lspqz@cy[.¤Q`aTg[OZScm]_z:c.lszw]_RTSz:cm]stuT µ·apqtKpuRv8lsjfcfTwK¡ ]s[m[I^jfTgj.:^QTx
Tg^a` xSpKT
`ap[ocmTSz:ccmls^a
nols^jm[gµiﬁl@^Qj>x
TSt]Q·µpqt:¸]_^ackxyNQl@pq[fpuj>waT\[l@¢anoT
cy[ﬁR]_cfNQZgR]"cfp:^QTg[>]µe:]_z:cwaT.¢El@zQzQT\[>vQjfl@vQjmpuZScfZg[g Øt:T\[oc>¢QpqTSz[QPj
v8l@[m[Ipq¢QtqTdwK¡ T
`apu@TSj:^<¡ pqtq[klsjmRhTgz:c^QzcfjmTSpqtqtup[xSlsRvQtqT
cg·@R]_p[ktqTg[$cmjm]µ´"]s^a`hwaTº¹ax
lscIcX]Ì¹ax
l"! #a·¹ax
l%$@·¹:cfl"!&!`
lsz:cRlsz:cfjmZ@^TxST
cfcfTT
`apqsTSzEx
TºvETg^ac 
cmjfT]s[m[Il@^QvQtqpuTºTSzlsjywajmTg[v]_jfcfpqTSt[Ox
l@RhvtuTScm[g·Qx
T:^Qp<]wQlszQzQZtqpuTg^
§t]¶waZS¤zQpucfpqlszwaTtq]zl_cfpqlszwQTﬀwalsR]spuzQT\[S8<TﬀwQZS´sTgtul@vQv8TSRTSz:cWwK¡ ^QzQTcfNQZglsjmpuTﬀwQTg[dwQlsR]_pqzQTg[d[I^QvvEl@jIcmT
]_^_nols^QjywK¡ N:^pEt]ﬀvjfT\[f:^QTWcflscm]_tqpucfZwaTg[cfjy]µ´"]_^a`¶[f^Qj.tq]h[IZgR]_z:cfp:^QTºwQZSzQlscm]"cmpul@zQzQTgtutqTs°ﬀ¡ ]_^QcfjmTg[O[ocmjf^ExÅcf^jfT\[
'(
ÊÌÊÌË*)uÙ\ÏÖ%+ ÉyÑÌÊÌÊÌËoÙµÓ¸ÔÉ-,.,sËoÊÌÇoË,"ÉyÓ/oËIÓÏFÉyÑÌÎµÔ0mÔÕÇoÍÉyÎSÏÕÑ21gÙ\Ë$ÖµËﬁ,_ÝÅÑÌÎSÏ354gË627"8:9.;=<?> @ACBEDF=> @G<IHEAKJLÔFËoÔ<ÖµÇoÜµÙ\ÏÕÔfå
ââ Îkbl$lm$m
#  4 # ﬁ
R]"cmNQZSR]"cmpq:^QT\[v8TS^´sTSz:cOZS:]_tqTSRTSz:c.[fTdvjf ScfTSjO]_^ﬀnoTS^<·axSlsRRTWtqTg[Tg[fv]sxSTg[RZ
cfjmp@^Tg[.walsz:cOtuT\[T\[Iv]@x
T\[
waT O]_zE]sxyN] w Owbiº~&# ` ·Q¢QpqTSzBx
l@zQz^[OTSzjmTgxyNQTgjmxyNQTºlsv8ZSjy]"cmpul@zQzQTgtutqTv]_jOT
`aTgRhvtuT@
    "	ﬀ 	
 ﬀ  % ﬁ	"	ﬀ 
 "	 
]ﬀR]"cf^jm]_cfpqlszwQTWtF¡ ]svQvQjmlaxyNQTWwaZgzQl_cy]"cmpul@zQzQTStqtqTº]h]_RTSzZWvQtq^[fpuTg^Qjy[.]s^acfTg^Qjy[§vQjmlsv8l@[fTSjOx
T@^TWtF¡ l@z
v8TS^ac]_vQv8TStqTSjwaT\[ﬀvjfZ\[ITgz@cy]"cmpul@z[ﬀ[Icfjm^xÅcm^QjmZSTg[hwaT¯[IZgR]_z:cfp:^QTg[hwaZSzl_cm]_cfpqlszQzTStqtuT\[ ]Ì¹axyN $&#Q·>l@[m~s ` 
j
z
sjml@[g·lsz¯wap[ocmpuzQ@^QT¨
>
tq]0#ﬁgc'ﬁﬀ$"/#	%g
·:@^pEwaZS¤zQpuctq]ﬀ[ocmjf^x
cf^QjmTwaTcmls^acmTg[$tqTg[vQNQjy]s[fTg[$[f^QjktqTg[m:^QTStqtuT\[$t][IZgR]_z:cfp:^QT
walspucOcfjy]µ´µ]sputqtqTSjﬂ
>
tÕ¡%# (ﬃ ﬀ".Kﬀﬁﬂ	ﬃﬁS·g:^Qp:waZ
¤EzQp¥ctÕ¡ TSz[fTSR¢QtqTkwaTg[walsR]_pqzQT\[KwaTk´"]_tqTS^Qjy[<waT\[Kls¢QnoT
cm[<R]_cfNQZgR]"cfp:^QTg[
@^pK´slsz:c[fTSjm´:pqjwaTwaZgzQl_cy]"cfpqlszE[OvEl@^QjtuT\[OvQNQjy]s[fTg[OwaTt][Iez:cm]_`T]s¢[ocmjm]sp¥cmT!ﬂ
>
tuT\[E #eHﬂ	#ﬁ  {##Wﬁ	EÅ·g§Ojy]_p[flszwK¡ ^zQT>lszx
cfpqlszv]sj6coevETwQT$vQNQjy]s[fTg[KwaTkt][fe:z:cy]"`aT$]_¢[Icfjy]_pucfT@·
@^pK´slsz:cwaZS¤zQpqjv]_jwaT\[OZg:^]_cfpqlsz[:^QTgtutqT´µ]stuTg^Qjwa^Bwal@R]spuzT[fZSR]sz@cmpq:^QTwaZgzQl_cmTxyN]sxS^QzQTwaTg[
vQNQjy]s[fTg[O]_¢[Icfjy]_pucfTwK¡ ^Qz¯vQjmlssjy]_RRTs
"
o
"
o$# % ﬂ s6À 	tl ﬁ 	  SÀ 
	&À ﬁ
l@^[d]µ´@lsz[dwaZonI§bZS´sla:^QZt]b[fez:cm]"`aTﬀ]s¢[Icfjy]_pucfTs·8:^QpT\[ocº^QzxSlszxSTSvacºjfTgtq]_cfpq´sTSRTgz@cW¢QpuTgzx
l@zQz^waTg[
pqzalsjmR]"cfpx
pqTSzE[©¸¢QpuTgz³:^QT[Il@^Q´sTgz:cWx
l@zalszwQ^³]µ´sT\xt][fez@cy]"`aTﬀxSlszxSjfPScfTﬀvE]_jºtuT\[dvQjmls@jm]sRRhTg^Qjy[mª
EzT
lsp[O]_z]stuea[fZs·:tuTvQjmls@jm]sRRhTdvETg^acjfZg´sZStqTSjO[m][Icfjm^xÅcm^QjmTº[fls^[t]l@jfRTwK¡ ^zQT]_jm¢El@jfT\[fxSTSzxSTdwaTg[.vQNjm]@[IT\[
lDz¡ ]svQv]_jy]_p[m[ITgz@cﬀ:^QTbtuT\[ZStqZSRTgz@cy[ﬀv8lsjfcfTg^Qjy[waT[fTSzE[SﬁXZgwa^p¥cmT§Bt]waZS¤zQpucfpqlszwK¡ ]_jm¢8lsjmTg[mx
TSzEx
Tg[g·Kt]
[fe:z:cy]"`aT]_¢[Icfjy]_pucfT^acmputqpq[fTsZgzQZSjy]_tqTSRTgz@cwaT\[Osjy]_RR]_pqjfT\[S 'º°W]sz[x
T\[sjy]_RR]_pqjmTg[g·@tqTg[zlszaFcfTgjfRpqz]_^a`
waZS¤zQp[f[fTSz:c¯tuT\[bcoev8Tg[¯waT¬vQNQjy]s[fTg[g·@ZSzQZgjm]stuTgRTSz:c]svQvETgtuZ\[ ##	%e$ #ﬁg	ﬃﬁ³Tgz jmZ
ZgjfTgzx
TÄ]_^a`
ﬀ	%-dﬀﬁﬂ	ﬃﬁÅ·@TSc.xSlsjmjfT\[Iv8lszwQTSz:c§ﬀwaT\[kcoev8Tg[.waTdz)(^wQ[vEl@^Q´"]_z:c.]svQv]_jy] TcfjmTwQ]sz[ktF¡ ]sjf¢jfTdwQT
[fe:z:cy]"`aTk]_¢[Icfjy]_pucfT@S°WTt]ORh gRTR]_zQpqPSjmTk:^QTxyN]@:^QT>coevETwQTkvQNQjy]s[fTg[<wQTktq]sjy]_RR]_pqjfT$[fTwaZgxSlsRv8l@[fTSz:c
TSz«]_tucfTgjfz]_cfpq´sT\[S·^QzcoevET¯waTz(^w w]_z[^Qz­]sjf¢jfTbwQT[fez@cy]"`aTb]s¢[ocmjm]sp¥cmT]sZSzZSjy]_tqTSRTSz:cﬀvQtq^[fpuTg^Qjy[
lsjmRTg[g8°º]_zE[W^z³t]_zQ:]_@TﬀwaThvQjfl@sjy]_RR]"cmpul@zl@zxÅcmpul@zQzQTgtutqTs·6^Qz³coevETwaThz(^w[fTSjy]_pucºwQZ
¤zQp$xSlsRRT
^QzcoevET[flsRRTs
zTº[fez@cy]"`aTW]s¢[Icfjy]_pucfTdT\[oc[fvEZ\x
pu¤ZSTºv]_jOt]wQZ
¤zQpucfpqlszwaTg[Owal@R]_pqzQTg[.[Iez:cm]_`apq:^QT\[TSc.t]ﬀ@jm]sRR]spujmT
]_¢E[ocmjm]sp¥cmTs>]¬waZ
¤zp¥cmpul@z«wK¡ ^Qz«walsR]_pqzQT¯[Iez:cm]_`apq:^QTtu^Qp]_cIcmjfpq¢Q^QT^QzzlsR%T
c¶]@[f[flax
pqT§¬x
TzQlsR%^QzT
´"]_jmpq]s¢QtqT[fe:z:cy]"`apq:^QT.[ITgjf´"]sz@c>§WwQZg[fpu@zQTSjﬁtuT\[´"]stuTg^Qjm[>waTOx
TOwal@R]spuzTwQ]sz[ﬁtuT\[vQjmlawa^x
cfpqlsz[>[f^Q¢[fZg:^QTSz:cmTg[g
kml ﬁ:nﬁÃ ﬁpo*% ﬂ s6À 	l ﬁ 	

gÀ
	&¸À ﬁ ! ﬁx¶½Kq oﬁ]¶¤s^QjmT¶vQjfZ\[ITgz:cfTﬀt]b[fez:cm]"`aTh]_¢[Icfjy]_pucfTvE]_jfcfpqTStqtuThwa^
t]_zQ:]_sT³¼ºkOz vQjmls@jm]sRRhTh+CTg[Ic^zQT¬[fZg:^QTgzx
T³waT³waZ\x
t]_jy]"cmpul@z[bwaTcoevET\[waT¬x
l@z@cmjm]_cm[bT
cwQT
x
l@z:cfjy]"cm[g·[I^Qpq´puTwK¡ ^QzQTTS`vjfT\[f[fpul@zbwaTºcfT\[ocSFET
cfcfTT
`avQjmTg[m[IpqlszwaTºcfTg[Icg·E]"nols^QcfZºvEl@^QjOtq]hRpq[fT]_^vEl@puz:cg·
´sZgjfpu¤T[Ip$^zQT´µ]stuTg^Qj6{BjmTg[fv8TgxÅcmTt]¯x
l@z@cmjm]spuz:cmTv8l@[fZST[I^j^QzQTwapqRhTgz[fpul@z¬wK¡ ^Qzx
l@z:cfjy]"cwalszQzZs<zT
waZ\x
t]_jy]"cfpqlsz³waTﬀcoev8ThwQTxSlsz:cfjy]"cHg]@[f[flax
pqTﬀ^Qz¬pwaTSz:cfpu¤Exg]"cfTg^Qj0	d§¶^Qz³coevETwaTx
l@z:cfjy]"cﬀHF·8tqTg:^QTgt>Tg[Ic
x
l@z[Icfpucf^QZbw<¡ ^QzTb[IZ\:^QTSzxSTbwaTbwQpuRTSzE[Ipqlsz[gdzQTbwapqRTSz[fpqlsz^#	% waZ\x
t]_jmT^QzQT[Il@jIcmT¶waTbwapqRTSz[fpul@z^ 
:^]_tqpu¤ZSTl@^¬zlsz¬v]_j^zQT^QzQpucfZbwQTRhT\[I^jfT@<T\[x
pqz³[flsjfcfT\[waTbwapqRTSz[fpul@z[ITjmT
cmjfl@^Q´sTgz@c\·K]µ´sTgxh^QzT
[fZSR]_z:cfp:^QTwaTjfTgtq]_cfpqlsz"I[g¡ pqtKeb]jfTgtq]_cfpqlszw<¡ l@jmwajmTs·^QzT[fZg:^QTgzx
TwK¡ pqwQTSz:cfpu¤ExS]_cfTg^Qjm[ﬁnol@^]_z:cOtuTjm£stqTºwQT
´"]_tqTS^Qjy[g·@TSc^QzQTºjmTSt]"cfpqlsz¶w<¡ l@jmwajmT0ﬀtqTWxS]@[Z\xyNQZg]sz:cgzQTºjfTgtq]_cfpqlsz¶wK¡ lsjywajmTTg[Icx
lszE[ocmp¥cm^QZWwaTºjmTSt]"cfpqlszE[ ".
TSz:cmjfTO´"]_tqTS^Qjy[kwaTg^a`h§waTg^a`KszTdwaZgxStq]sjm]_cfpqlszhwaTx
l@z@cmjm]_ck]s[m[Ilax
pqTO^QzpqwQTSz:cfpu¤ExS]_cfTg^Qj§º^QzQTTS`avQjfT\[f[fpqlszwQT
x
l@z:cfjy]"c8HIS:¡ TS`vjfT\[f[fpul@zwaTdx
l@z:cfjy]"cv8TS^ac. 
cmjfTº[IpqRvQtuT@·@TSc.waZS¤zQpqj^QzbzQls^Q´@Tg]s^¶x
lsz:cmjm]_cwK¡ pwaTgz@cmp¥¤8xS]"cmTS^Qj
	TScwaTx
l@z@cmjm]spuz:cmTg[,HI,+¬ls^hTSzxSlsjmTOtuTOjy]#azQTSRTgz@cw<¡ ^QzxSlsz:cfjy]"c>T
`ap[ocy]_z:ckwK¡ pwaTgz@cmp¥¤8xS]"cmTS^QjX	]_^:^QTgt[flsz:c
]"nol@^acfZgTg[tqTg[xSlsz:cfjy]_pqz:cfTg[ HI
+
zQT¶xSlsz:cfjy]_pqz:cfTv8l@[fThtF¡ lsv8ZSjy]"cfTg^QjwaT¶xSlsz:cfjy]_pqz:cfThHG+­TSctq]¯´"]stuTg^Qjx
pq¢QtqT
{Ä[f^Qjﬀ^QzTwapqRTSz[fpul@zwK¡ pqwQTSz:cfpu¤ExS]_cfTg^QjL	ä><T\[ﬀtqpucIcfZgjm]s^a`AW	%[flsz:cwaT\[ﬀpwaTgz@cmp¥¤8xS]"cmTS^Qjy[g·waT\[[fZg:^QTgzx
T\[
wK¡ pqwQTSz:cfpu¤ExS]_cfTg^Qjm[©¸TSz[fTSR¢QtqTg[waT´"]_tqTS^jm[yªÅ·aTScdwaTg[OjmZSTgtq[Ov8ls^QjtqTg[dwapuRTgz[IpqlszE[Oz:^RhZgjfp:^QTg[g 
"
o
"
o
"

Ã u.-


ﬁB\: 	ts6À/&10KŁ ﬁ
k¡ ]_tqsPg¢QjmT[fZSR]_z:cfp:^QTbpqz:cfjmlawa^Qpuchcmls^[htqTg[hcoev8Tg[wK¡ ls¢anoTScm[hR]"cfNZSR]"cmpq:^QT\[@^p.´@lsz:cT
`avQjmpuRTSjht]
[fpu@zQp¥¤8xS]"cmpul@zwaT\[vQjfl@sjy]_RRTg[g6l@RhRThzQls^E[WtF¡ ]µ´slszE[´^<·<x
T\[º´µ]stuTg^Qjy[l@z@cv]sjIcmpuTwaT[ocmjf^ExÅcf^jfT\[WR]_
cfNZSR]"cmpq:^QT\[]_vacmTg[§[f^QvQv8lsjfcfTgjtuTxg]_tx
^QtwQTvEl@puz:cm[¤Q`aTg[g<TvQtq^[[fls^´sTSz:c\·Qx
T[flsz:cwaTg[wQlsR]_pqzQTg[]s^
2-(
ÊÌÊÌËoÔÉyÙµÔFÔÕÑÉyÜµÔ¸ÏFÓÕÉyÑ ÏFËoÔIÚ ,"ÉyÓ<ÓFÉ-,5,_ÝÅÓÏ$ÉyÙ.4WÈÅÓÕÉyÍÍÉyÑÌÓÕËoÔ/oÝÅÎ5/oÓ13ØÏÕËoÔ>ÖµËoÔÔ$4\Î
ÏFÉ 4\ËoÔ*/oÝÅÎ5/oÓ$3ØÏFËoÔfå
ãgﬁâ<ãäß
 
		ﬀﬁﬂ	ﬃﬁ! #"$%&'&#)()()*,+-"./("/#0ﬀ	1324 65387'9:5 !
 ¾E 	& s ﬁ ﬂ s6À 	l &10KŁ ﬁ¨
 
	  

ﬀﬂﬁﬃ! #" $ﬁ
 %&ﬁ
 ('ﬁ"! ﬃ

*)+,ﬀﬂﬁﬃ- 
ﬃ.

 )+/'10ﬁﬀﬂﬁﬃ! ﬃ-ﬁ  )+,2435
ﬃ. *)+/'10ﬁ ﬃ! *)+6"!7

8 ﬀ9:ﬁ
6"-
<;
ﬀ9>=4? @/ﬁ

 ﬀ9A'0
/ﬁ  B CD7ﬁ
E 

"  ﬀ9F%&
 ﬃG  )+6"!77HI
#ﬁ
 $+ﬁ @G  J:LK-ﬁ
 H

ﬁ  NM

ﬁGPOQPﬁ
 RSR T U
ﬀﬁﬀ&ﬁ$-
EV
&W

RSR T U
)ﬀEX.	
ﬃY

W[Z,U
)EX$ﬀﬁﬀ
ﬃ

W
 RSR T U
ﬀ"QX.?ﬁ	


:
<;
W
ﬃY

RSR T U
ﬀﬁﬀQX$	?X$)ﬀ
Fﬃ.&W
ﬃY RSR T U
ﬀﬁﬀQX$	


V
W

 RSR T U
)	 -%"


&W

 RSR T U
)	 -	?X" -ﬀ

"\W]Z,U
)	 -		?X-^ 	

)

"_&W

" RSR T U
)	 -"ﬁQX -

V
W[Z,U
)	 -"ﬁ?X -X
P
C
#"_
V
W`ZaU
)ﬀ -"ﬁQX"
#"b
V
W]Z
U
)	 -"ﬁQX "
5"c
V
+W]ZaU
)	 -"ﬁ?X  -%ﬁ	
5"dW
#ﬁ
 RSR T U
ﬁﬀ
F,W
 RSR T U
ﬁ)ﬁ
#ﬁ
 
V
W
 RSR T
 %QX ﬀﬁ	
Z,U
 %?X 	$-%)

V
W
5" RSR T
)ﬀﬁ"$ﬀ&
Z
$ﬁﬀ"$ﬀ&
ﬃ

RSR T U
ﬀﬁﬀQX$)ﬀ
Fﬃ-ﬁ\W
ﬃ-ﬁ RSR T U
	6/X" -
Fﬃ!
V
W]ZaU
	6/X$ﬁ

$	$-%ﬀ
:ﬃ!
V
W
ﬃ. RSR T U
%"ﬁﬀ$ﬀ?X" -ﬀ	
:ﬃG
<;
W
<;
RSR T U
)	 -? 	?X^ 	

)
 BeQ,fW`ZaU
)	 -? 	?X  ﬀﬁ
 B&W
 B RSR T U
QX" -ﬀ
6W`ZaU
QX"

V
W[Z6U
?X  -
gW
ﬃG RSR T
^ 	
Z
&#^ 	
Z
#^ 	
Z
&
Z

cedgf hK
>
°dl@R]_pqzQTg[[fez@cy]"`ap@^Tg[Ov8ls^QjtqTtq]szQ@]ssT¼º
[fTSz[wQT¹ax
lscIc\·Ex_¡ Tg[IcIØ§"ØwapqjfTwaT\[TSzE[ITgRﬀ¢QtqTg[vE]_jfcfpqTStqtuTgRhTgz:clsjywalszQzZg[g Øt<zQTﬀ[g¡ ]_spucv]@[pqxSpwK¡ TSz:cmjfTgjdwQ]_zE[
tqTwaZScm]_pqt$waTﬀt]cmNQZSl@jfpqTﬀwaT\[WwQlsR]_pqzQTg[g
j
z¸]sp¥c\·EtqTg[WvQjmpuzxSpuvE]_^a`wal@R]spuzTg[W^acfpqtuT\[Ww]_z[WtuT\[dt]_z@]_@Tg[wQT
vQjmls@jm]sRhR]_cfpqlszxSls^Qjy]_z:cm[l@z:cZ
cfZ¶wQZ
¤zQp[waTgvQ^Qp[¢8TStqtuTtq^QjmT
cIcmTs°¡ ]_pqtutqTS^Qjy[g·<tÕ¡ ^QzwaT\[]s[fvET\xÅcy[wa^Ä¢El@z
waZg´sTStqlsvvETgRhTgz:cwaTW[fZSR]sz@cmpq:^QT\[waZgzQl_cy]"cmpul@zQTStqtuT\[S·:x
l@RhRTTgzbwaZg´sTStqlsvvETgRhTgz:ctul@spx
pqTStF·sT\[ocOwaTdjmZS^acmputqp[ITgj
tqTg[ORlsjyx
T\]_^a`bwaZInI§waZ
¤EzQpq[g ØtKTgz´"]waTR SRTwaT\[walsR]spuzQT\[OTSzB[fZSR]_z:cfp:^QTwaZSzl_cm]_cfpqlszQzTStqtuT@
ikjmTSRpqTSjZgtuZgRTSz:cwaTº[ocmjf^x
cf^Qjy]"cmpul@z<·s^zsjy]_zwzQl@Rﬀ¢QjmTwaTºwalsR]_pqzQT\[waT¢E]s[fTd[Il@z:cvQjmZgwaZS¤zQp[S·:TSz¶xST
[fTSz[dlDBtqTS^Qjy[¢8lszQzTg[vjfl@vQjfpqZ
cmTg[R]_cfNQZgR]_cfp:^QTg[dlsz:cdZ
cmZvQjmls^Q´@ZST\[waTﬀtqlszs^QTwQ]_cfT@KW¡ Tg[IcdtqTﬀxS]@[v]sj
T
`aTgRhvtuTﬀwQTg[dwQlsR]_pqzQTg[Wwapucm[dwQpq[mx
jmT
cy[S8zwal@R]_pqzQTﬀwap[fxSjfTScdTg[Icd^Qz³walsR]_pqzQTxSlsz[Icfpucf^QZhwK¡ ^QzBTSz[fTSR¢QtqT
waT´"]_tqTS^jm[$zlszaØx
l@RhvE]_jy]_¢QtqTg[ﬁTSz:cmjfTOTStqtqTg[k]s^[fTSzE[kwaTt]:^]_z:cfpucfZw<¡ pqzalsjmR]"cmpul@z]svQv8lsjfcfZSTOv]sjkt]´µ]stuTg^Qj\·
v]sjkT
`aTSRvQtqTtqTg[$Tgz:cfpqTSjy[S·s]s^:^QTStETg[Ic]"nol@^acfZ^zQT´"]_tqTS^Qj8@"]_¢[fTSzEx
TwK¡ puzQlsjmR]_cfpqlsz\B@·_zl_cfZgT[h3©vQjmlszQl@zx
Ti
@ﬀI#ﬂg# BQªÅ
j
zcmTSjmRTwQThv8lspqz:c¤Q`aTs·Kpqt$e][fpqRhvtuTgRhTgz:cwQTS^a`v8l@[m[fpu¢Qpqtqp¥cmZg[g·8t]vQjmTSRpuPgjfThlD³tq]´"]_tqTS^j
z<¡ Tg[Icv]s[xSlszQz^QT©¸pÕ TsahªvQ^pq[t][I^pu´"]_z:cmTºlD¯tq]h´"]_tqTS^QjT\[ocxSlszQz^QT©vE]_jT
`aTgRhvtuT@·,j@ª

Ux
Tg[wal@R]spuzTg[[IpqRvQtuT\[[g¡ ]"nols^QcfTSz:c¯waTg[lsv8ZSjy]"cmTS^Qjy[bwQT³x
l@z[Icfjm^xÅcmpul@z waTÄwalsR]_pqzQT\[wal@z:clsz ]
vQjmls^Q´@Zh:^QThtqlsjy[f:^<¡ put[[Il@z:c]svQvQtqpq:^QZ\[§waT\[walsR]spuzQT\[S·6pqtkwalszzQTSz:c§zQls^Q´@Tg]s^^QzwalsR]spuzQT@W¡ T\[octqT
xS]@[waT\[vQjmpuzEx
pqv]_tqTg[[Icfjm^x
cf^QjmTg[wQTbwalszzQZST\[ﬀx
t]s[m[fpq:^QT\[¨vQjmlawa^Qpucm[¶©¸pÕ Ts>[Icfjm^xÅc§¯t]³Oª
·[flsRRTg[b©¸pÕ Ts
ââ Îkbl$lm$m
$  4 # ﬁ
>  
waZSzQlscfT³tuTwQlsR]_pqzQTwaT\[l@zxÅcmpul@z[bxSlsz:cfpqz^QTg[wa^ walsR]spuzQT³waZSzQlscfZ³v]_j
 	
´@TSjy[tqT
walsR]spuzQTwaZgzQl_cmZv]_j
 

6Wz]b[m[Ipﬀﬂﬁﬃ
 	! 
#"$ﬁﬂ%&'ﬂ"(ﬁﬀ%Å
> )* 
+ , - .) 
/
waZSzl_cfTtuTvQjmlwQ^Qp¥cxS]sjIcmZg[fpuTgzwaTg[WwalsR]_pqzQT\[
 	
·
 
·>uqu·
 
/
·Ev8ls^QjWcfl@^ac103254Q
WzB]6"(ﬁ
87, - , ,7
ﬁ
/
%9-:;=<><><?:@AB"$C
!7- , , ,7
C
/
%O[m[IpDﬁﬀE+FGCHE>vEl@^QjJI#KML
7- , , -7
0$
>  ﬀN     , - N   /
wQZSzQlscfTtqTvQjflawa^p¥cxg]_jfcfZg[fpqTSzwap[fxSjfZScfp[f]sz@c>cmTStqtuT:^QTcmls^acO06Fcf^vQtuTWx
lsz:cmTSz]sz@c$^QzT
´"]_tqTS^Qj]h  FTg[IcOpwaTgz@cmp¥¤EZ§>h  P   <><>< P  A6Q±pqz[IpF·QtqTvQjflawa^p¥cxS]sjIcmZg[fpuTgzwap[mx
jmZ
cfp[m]_z:cwaTwalsR]_pqzQT\[
wap[fxSjfTScm[OTg[Ictq^Qp¥ R SRTwap[fxSjfTScg
>  RQ     , - Q   /
waZSzQlscfT­tq] [flsRRTg[³[IZgv]_jmZST­waT­wal@R]_pqzQTg[
 
xSlsRvQjmTSz]sz@ccfls^QcfTg[tuT\[´"]_
tuTg^Qjy[ﬀ©¸wQpq[IcfpqzQs^E]_¢QtqTg[yªwaT\[dwal@R]spuzTg[waTﬀtq]¶[flsRRTs·8]_^a`Q:^QTgtutqTg[T\[ocº]swµnol@puz:c^Qzzls^Q´@TSt<ZgtuZgRhTgz:c
h  
+
  <><><
+
 A8<T\[ZStqZSRTSz:cy[waT
 
vQjml"´sTgz]_z:cºwQTg[wapu»6ZSjmTSz:cm[wal@R]_pqzQTg[
 
E [flsz:cpuzxSlsRv]sjm]s¢QtuT\[
wQ]_zE[
 

>  .S     - , S   /
wQZSzQlscfTt]º[flsRRTO^QzQpu¤ZSTwQTg[kwal@R]_pqzQTg[>lDﬀcmls^acmTg[$tqTg[$´"]stuTg^Qjm[1h  F[Il@z:c>^zQp¥¤EZSTg[
§tq]h´"]_tqTS^j]hTVUW<><>< UGA6
> X
waZgzQl_cmTtuTﬀwQlsR]_pqzQTwaT\[tqpq[IcfT\[waTtqlszQ@^QTS^j¤zQpqTﬀx
l@RvEl:[IZgTg[wK¡ ZStqZSRTSz:cy[dwQ]sz[tqTﬀwalsR]spuzQT
 
[f]s^a1hT_Tg[Otqpq[IcfT\[waTtqlszQ@^QTS^Qjy[Owapu»8ZgjfTgz@cmTg[[flsz:cpqzx
l@RhvE]_jy]_¢QtqTg[v]_jY
cedgf h-;
>
±tqsPg¢QjfTwaT\[walsR]spuzQT\[
"(Z

Z

% ]_vQvtupxS]_cfpqlsz¯waT[\
 ]^ 
_
waZSzl_cfZgTv]_j`Z

[f^Qjtq]h´"]_tqTS^jJﬁﬃ
 
waZSzQlscfZgTºvE]_j`Z


Z
Oa
Z

x
l@Rhv8l@[fpucfpqlsz¯waTlszx
cfpqlsz[g
b
l

lsv8ZSjy]"cmTS^QjwaTv8lspqz:c¤Q`aTºv8ls^jtuTwal@R]_pqzQT
 

"z
E
"(ﬁﬀ% vQjml_noTgx
cfpqlsz¯waTtq]h´"]_tqTS^jwK¡ ^QzBwalsR]spuzQTvQjmlawa^QpucwQ]_z[[flsz 	FPSRTﬀx
l@RvEl:[f]sz@cmTs
ﬁdc e vQjml_noTgx
cfpqlsz¯waTtq]h´"]_tqTS^jwK¡ ^QzBwalsR]spuzQT[flsRRTwQ]_z[[m]x
l@Rhv8l@[m]_z:cmT[ ³
	Õza d"(ﬁﬀ% puz_noTgxÅcmpul@zBwaTtq]h´"]_tqTS^jBwQ]_zE[OtuTwal@R]_pqzQT[Il@RhRTﬂ ³
f
 , - hg
x
l@z[ocmjf^ExÅcfpqlsz¯waTtqpq[IcfT@
iﬂjk kl
RTSR¢QjmTwQTtq]htqpq[IcfT
i
©vE]_jfcm]_z:cwaTUµªÅ
mni
tul@zQs^TS^QjwaTt]htup[ocmT
i

iﬀoqp
x
l@zxS]_cfZSzE]"cfpqlszwaTg[tup[ocmTg[
i
T
c
p

c dgfihE}
>
XZg[f^QRZwaTtq]hzQlscm]_cfpqlsz^acfpqtup[fZST
coevET\[[flsRRTg[kwQTº.±dﬁªÅ·:tup[IcfTg[g·qq@]¤s^QjmT ;Q·spuz[fvQpqjfZgTdwaTdl@[m[IT\[,] l@[m~sC` ·svQjmZg[fTSz:cfTdv]_jfcfpqTStqtuTgRTSz:c
tF¡ ]stu@PS¢QjmTºwQTx
lszE[ocmjf^x
cfpqlsz¯waTg[wQlsR]_pqzQTg[g
zTb]_tqsPg¢QjfT[fZSR]_z:cmpq:^QTbxSlsRvQjmTSzw¬t]waZS¤zQpucfpqlsz waT\[ﬀwal@R]spuzTg[TSct]BwaZ
¤zp¥cmpul@zwaTg[lsv8ZSjy]"cfpqlszE[
v8ls^Q´"]_z:c ScfjmTd]_vvQtup:^QZST\[k[f^QjxSTg[k´"]stuTg^Qjm[g·_l@vEZgjm]_cfpqlsz[k:^Qp8[ITgjfl@z:cx
lszE[IpwaZSjmZST\[kx
l@RRhTwQTg[d@"vQjfpqRp¥cmpu´@Tg[IB
v]sjtqTg[hZg:^]_cfpqlsz[h[fZSR]_z:cfp:^QTg[h:^QpO´sl@z@c[I^pu´jmTs
j
zx
l@jfT^QzQTlsp[S·>v8ls^QjhtqTg[walsR]spuzQT\[wQT¢]@[IT@·tqTg[
lsv8ZSjy]"cmpul@z[<[Icm]szwQ]_jywQ[lsz:cwaTgvQ^Qp[tqlszQscfTgRhvE[<Z
cmZwaZS¤zQpqTg[gSi>ls^jtqTg[ﬁwalsR]_pqzQT\[<x
l@z[ocmjf^p¥cy[[fTStqlsztF¡ ]stu@PS¢QjmT
waT\[wQlsR]_pqzQTg[g·.tuT\[l@vEZgjm]_cfpqlsz[b^[f^QTStqtuT\[lsz:cZg@]_tqTSRTgz@cZ
cmZ¬waZS¤zQpqTg[gdW¡ T\[oc¯tuTÄxS]@[bvE]_jT
`aTSRvQtqT¬wQT
tF¡ ]@xSx
P\[]_^a`³xyNE]_Rv[wK¡ ^Qz³vjflawa^Qpucg·§btF¡ TS`cfjy]sxÅcmpul@z³wK¡ ^QzQT´"]stuTg^QjwK¡ ^z¬wal@R]_pqzQT[Il@RhRThls^¬TSzxSlsjmThwQT
t]waZgxSlsRvEl:[IpucfpqlszBwK¡ ^QzBtqpq[IcfTTgz[Il@z¯vQjfTgRpuTgjZStqZSRTSz:cTScdtq][f^QpucfTﬀwQTtq]tqpq[IcfT©jmZSRpuzTg[mx
TSzEx
TwaTF	¶TSc
ﬀ%aª.©¸´slspqj$zQlscm]"cmpul@z[$[Icm]_zEwQ]_jywQ[>TSzh¤@^QjmT.}ªÅ ØtTg[IcwalszxOvtu^[kjm]sjfTOwaT´sl@pujkxSTg[$waZS¤zQpucfpqlsz[waTOlszx
cfpqlsz[
]_vv]_jy] TcfjmTWTS`avQtupx
pucfTgRTSz:cwQ]_z[^QzQT[IZgR]_z:cfp:^QTwaZSzQlscm]_cfpqlszQzQTgtutqTs
kml ﬁ:nﬁÃ ﬁpoQdzQT[IZgR]sz:cfp@^Ts·:vETg^bpqRhv8lsjfcfTº[f]ﬀzQl_cy]"cmpul@z<·:xyNTSjyxyNQTd§TS`avQjfpqRTSj.^QzQTd¸]sx
TScIcmTºwaTºt]ﬀ[fpu@zQp¥¤
xS]_cfpqlsz¶waT\[kvQjmls@jm]sRRhT\[Ss¹apEwQ]sz[kt]vQtq^Qv]sjIcwQTg[kt]_z@]_@Tg[$waTWvQjmlssjy]_RR]"cmpul@z<·"t]º¸]sx
TScIcmTW:^Qppqz:cfZgjfT\[f[fT
]_^vQjmTSRpqTSjOvQt]_zTg[IcOtF¡ T
`aZgxS^acfpqlsz¯wa^¯vQjmlssjy]_RRTs·:pqtKTg[Ic.cmls^acd§ﬀ¸]_pucTSz´p[f]ssTg]s¢QtqTWwaTºcfjmls^´sTSjOvQtq^[fpuTg^Qjy[
¸]sxST
cfcfTg[ﬀT
cwaT¶tqTg[TS`avQjfpqRTSjﬀw]_z[wap¥»6ZSjmTSz:cmTg[ﬀ[fZSR]sz@cmpq:^QT\[ls^Tgzx
l@jfTwaT¶tqTg[ﬀxSlsRv8l@[fTSjﬀ§BtF¡ puz:cfZgjfpqTS^j
wK¡ ^QzQTR gRhT[fZSR]sz@cmpq:^QT@Qi>ls^QjW¼ºk·waTg^a`[fpqszQpu¤ExS]_cfpqlsz[Ov8TS^´sTSz:c ScfjmTwalszQzZSTg[d]_^a`¯x
lsz:cmjm]_cm[¨Q^QzT
[fpu@zQp¥¤8xS]"cmpul@zT
`aZ\x
^acmlspqjfThx
lszE[Ip[ocy]_z:cº§b´sZgjfpu¤TSj[fptqTg[º´"]_tqTS^Qjy[WRhT\[I^jfZgTg[ºwaez]_Rp@^TSRTSz:c[ITgtul@ztuT\[wap¥ä
ZSjmTSz:cmTg[wapqRTSz[fpqlsz[dls¢[fTSjm´sTgz@ctqTg[Wx
lsz:cmjm]spuz:cfT\[pqRhv8l@[fZST\[v]sjtuTx
lsz:cmjm]_cg·Ql@^BTSzxSlsjmT^QzQTﬀ[fpu@zQpu¤ExS]_cfpqlsz
lsjmpqTSz:cfZgTcoev]_@ThxSlsz[fp[ocy]_z:cº§´sZgjfpu¤TSj[Icm]"cmpq:^QTgRTSz:c[fp>^QzÄx
lsz:cmjm]_csr

Tg[Icx
lszQlsjmRhT§^Qz¬xSlsz:cfjy]"cTr

·
ãgﬁâ<ãäß
 
		ﬀﬁﬂ	ﬃﬁ! #"$%&'&#)()()*,+-"./("/#0ﬀ	1324 65387'9:5 ~
x
T@^p.[fTSjy]¯´jm]sp[fp§xyN]@:^QTlsp[ﬀ:^QTbtuTx
lsz:cmjm]_c[r

T\[ocﬀ´@ZSjmp¥¤EZs·tqTbxSlsz:cfjy]"cnr

tÕ¡ Tg[Ich]s^[m[IpF°º]_z[x
TSc
T
`aTgRhvtuT@·QzQls^E[]µ´slszE[jmT
cmTSz^¯tq]hvQjmTSRpqPSjmTº]st¥cmTSjmz]"cmpu´@Ts
<T\[OwalsR]_pqzQT\[.[fZSR]sz@cmpq:^QT\[OwaTﬀ¼ºÄ[Il@z@cOvQjmZg[fTSz:cfZ\[O§ﬀt]¤s^QjmTSjaQ<Twal@R]_pqzQTºxg]_jy]sx
cfZSjmp[ocmpq:^QT 
waT\[´"]_tqTS^Qjy[T
`avQjmpqR]s¢QtqTg[wQ]sz[tqT¶t]_zQ:]_sTT\[ocxSlsz[Icfpucf^Z¶wK¡ pwaTgz@cmp¥¤8xS]"cmTS^Qjy[b©ÕwapqRhTgz[fpul@z[ZSz^QRZgjm]_cfpqlsz
]µ´sT\x>ls^ﬀ[m]_zE[<lsjywajmT\ª
·SwaTzlsRﬀ¢jfT\[<ls^Tgzx
l@jfTkw<¡ ^QzTtqpq[IcfTwK¡ pwaTgz@cmp¥¤8xS]"cmTS^Qjy[.©¸wapqRTSz[fpul@z[<Tgz[fTSRﬀ¢tup[ocmT]µ´@Tgx
ls^[f]sz[<jmTSt]"cmpul@zwK¡ l@jmwQjfTµªÅgdzQT´"]stuTg^QjwaT.wapqRhTgz[fpul@zTg[IcﬁwaZS¤zQpqTv]sjtqTwal@R]_pqzQT1  &¸ ﬁ/sﬁ/&Õ¾ps  	QÃÕŁ ﬁ:^Qp
Tg[IcktqTvQjflawa^p¥cwK¡ ^QzQTd´µ]stuTg^Qj$T
`avQjmpqR]s¢QtqT.TScwK¡ ^QzQT^Qzp¥cmZdwaTRTg[f^QjmTs_<T\[$^QzQpucfZ\[kwaTRTg[f^QjmT[Il@z:c$wQZ
¤zQpqTg[
v]sj^QzQTº´"]_tqTS^Qj.waTWwQlsR]_pqzQT¤EzQpEpqzwap:^]_z:cOtÕ¡ ]_¢E[ITgzx
Tdw<¡ ^Qzp¥cmZh© s¾ s ﬁaª
·@^QzvEl@^Qjyx
TSz:cy]_sT© nﬁﬃ"Â ﬁ/s6À\ªls^<·
[fpEtF¡ ^zQp¥cmZWT\[oc.zQlsRRZST@·s^QzTWtqpq[IcfTºwK¡ pqwaTgz:cfpu¤ExS]_cfTS^jm[jfTgvQjfZ\[ITgz:cfTtqTg[zQlsR[wK¡ ^zQp¥cmZg[.pqzwapq´:pwa^QTgtutqTg[º©t]tqp[ocmT
f
·E	w
g
jmTSvjfZ\[ITgz@cy]_z:cOtÕ¡ ^QzQpucfZxSlsRvEl:[IpucfTRb¦"[fTgx\ªÅ
zcoe:v8TwQTx
l@z:cfjy]"c¾ s6À
	QÂ_À ﬂEn ﬁTg[Ic^zTSz´pujmlszzQTSRTSz:ctqp]_z:cﬁwaT\[pwaTgz@cmp¥¤8xS]"cmTS^Qjy[wQTwapqRTSz[fpul@z
§waTg[WcoevET\[waTwapuRTgz[Ipqlsz   &Õ ﬁ/s &¸¾ s	 ﬂEnﬁ88zcoev8TwaThwQpuRTSzE[Ipqlsz³Tg[IcjmTSvjfZ\[ITgz@cmZv]sjº^zQTﬀl@zxÅ
cfpqlsz:^QpK]sxSxSTSvacmTW^zblsv8ZSjy]"cmTS^QjOwaTx
l@z:cfjy]_pqz@cmTﬀ©
¾ sgÀ
	& s6ÀFnﬁﬃ 	QÀg¾ "ªTSc:^Qp6jmT
cmls^QjmzQTd^zQTdl@zxÅcmpul@z
vQjmTSz]sz:c^zQT´"]_tqTS^QjxSpu¢QtqT¶wa^wal@R]spuzT   &Õ ﬁ/s &¸¾ s  	QÃ¸Ł ﬁbTScjfTScfl@^QjfzE]_z:c^QzQTlszExÅcfpqlszwa^wal@R]_pqzQT
¾ps6À 
	QÂ_À#  &Õ ﬁ/s &¸¾ s_T
cfcfT.lszExÅcfpqlszh´"]djmZg]stup[fTSjﬁtuTcfT\[ock[f^Qj>tuT\[>´µ]stuTg^Qjy[RTg[f^QjmZST\[ﬁ[fTStqlszhx
TScIcfTwapqRTSza
[fpul@zwa^x
l@z:cfjy]"cgKWzBtu^pv]@[f[fT^QzT´"]_tqTS^QjWRhT\[I^jfZgTﬀwa^wal@R]_pqzQTA  &¸ ﬁ/sﬁ/&Õ¾ps  	QÃÕŁ ﬁTScWTgtutqTjmT
cfl@^QjmzQT
´jm]spOls^«¸]_^a`«[ITgtul@z«:^QTBx
TScIcmTB´µ]stuTg^QjjmTg[fvET\xÅcfT¯t]Äx
lsz:cmjm]spuz:cfT¯l@^­zQl@z<$i>ls^Qj¶xST¸]_pqjfT@·$TStqtuTB´@ZSjmp¥¤Tt]
x
l@zalsjmRp¥cmZ¶waTg[ﬀ^QzQpucfZ\[ﬀwaT¶RT\[I^QjmTs·vQ^Qp[TgtutqT¶]_vQv8TStqtqT¶^QzQT]_^acmjfTl@zxÅcmpul@z wa^ walsR]spuzQT   &¸ ﬁ%sﬁ &¸¾ s<Á
 ﬁ:gÀ:^QpQTgtutqT]sxSxSTSvacmT^QzQT´"]_tqTS^j$T
`avQjmpuR]_¢tuT  ©Õ[f]sz[$^QzQpucfZµªﬁT
ckjmT
cmls^QjmzQTO´jm]spQ[IpQxST
cIcmT´"]_tqTS^Qj$jmTg[fvET\xÅcmT
t]hxSlsz:cfjy]_pqz:cfT[f]sz[OZS:]_jywb§tF¡ ^zQp¥cmZwaZonI§h´@ZSjmp¥¤ZgTs
 .puTgz[QPQj\·sxSlsRRTzQls^[ktuT´@TSjmjfl@z[>wQ]_z[ktuT\[$lszExÅcfpqlszE[kwaT´"]_tq^]"cmpul@z<·_t]´sZgjfpu¤ExS]_cfpqlszcfpqTSz:cxSlsRvacfTwQT
t][fZSR]sz@cmpq:^QTwaTjmTSt]"cfpqlsz«©¸ﬁ:Ã 	aÀ/&Õ¾ps%ﬁ: 	ts6À/&ÕÂsµª]s[m[flxSpuZgT§t]wapqRTSz[fpqlsz<
j
tqtqTh^Qcfpqtup[ITt]jfTgtq]_cfpqlsz
wK¡ lsjywajmTdwaZ
¤EzQpuT[f^Qjt]ﬀwapqRTSz[fpqlsz³© 
! ﬁ "ﬁ:Ã 	aÀ/&Õ¾ps>ª>tqlsjy[f:^QTdzQZgxSTg[m[f]spujmTs·:waZ
¤zpuTx
l@RhRTW^QzQTl@zxÅcmpul@z
vQjmTSz]sz:cOwaTg^a`¶pwaTSz:cfpu¤Exg]"cfTg^Qjy[TScOjmT
cmls^Qjmz]sz@c.´jm]sp8[fp6tq]vQjmTSRpuPgjfTWTg[Ic.TgzjmTSt]"cmpul@zb]µ´sT\xt][fTgxSlszwQTs·@¸]_^a`
[fpKtq][fTgxSlszwaTºTg[IcTSz¯jmTSt]"cmpul@z]µ´sT\xdt]vQjmTSRpqPSjmTWTSc{[g¡ pqt<z<¡ e]hv]@[waTjfTgtq]_cfpqlszwaZ
¤zpuTTgz@cmjfTtqTg[waTg^a`K
¼ºTg[Ic$Tg[m[ITgz@cmpuTgtutqTSRTgz@c$^Qzht]_zQ:]_sTvETgjfRTScIcm]sz:c>t]x
jmZg]_cfpqlszw<¡@µl@z:cflstqls@puT\[/BwaT@^E]_tqp¥cmZOwQTO[fTSjm´pqxST
T
cwal@zxhwK¡ Tgz´:pqjmlszQzQTgRTSz:cm[Wtup]_z:cwaT\[WpwaTgz@cmp¥¤8xS]"cmTS^Qjy[§wQTg[´"]_tqTS^Qjy[g8ThvjfTgRhpqTSjzQpq´sT\]_^w<¡ Tgz:´pqjfl@zQzQTS
RTSz:c.xSjfZgZv]sj^Qz¶vjfl@sjy]_RRTW¼ºBTg[IctF¡ TSz´pujmlszQzTSRTSz:c@tul@¢]_t:^Qp6[fTSjfc.§tqpuTgjtqTg[coevET\[waTWx
lsz:cmjm]_cm[g·
tqTg[ﬁx
lsz:cmjm]_cm[<TScﬁtqTg[ﬁvQjml_¤Etq[]_^a`pwaTSz:cfpu¤Exg]"cfTg^Qjy[:^QptqTS^Qjy[[flsz:c>]"cIcmjfpq¢Q^QZ\[w]_z[tuT\[wQZgx
t]_jy]"cmpul@z[gg<TO[fTgx
l@zw
zQpq´sT\]_^BTg[IcWxSlsz[Icfpucf^QZwaTg[Wx
lsz:cmjm]_cm[TScºwaT\[coevET\[WwQTﬀx
l@z@cmjm]_cm[tqp]_z:cdpwaTSz:cfpu¤Exg]"cfTg^Qjy[d§¶waT\[coev8Tg[l@^waTg[
x
l@z:cfjy]_pqz@cmTg[ºv8ls^Qjl@jfRTSjwaT\[wapqRhTgz[fpul@z[S<T¶walsR]spuzQTF   T\[oc^Qzwal@R]_pqzQTwap¥cL@_xS]_jy]sx
cfZgjfp[ocmpq:^QT B
TSz³x
T:^<¡ pqtﬁpqzwap:^QTﬀtqTxSlsz:cfTgz^waTg[WTSz´pqjfl@zQzQTSRTgz@cy[dwQ]sz[tqTﬀt]_z@]_@Ts
j
z³waZS¤zQp[f[m]_z:c]   xSlsRRTt]
[flsRRTOwQTg[$wal@R]spuzTg[ ﬂEn ﬁﬃ!¾ps6À 
	QÂ_À@·¾ s6À
	QÂ_À ﬂEn ﬁE·Q  &Õ ﬁ/s &¸¾ s	 ﬂEnﬁºTScﬀ¾ s6À
	QÂsÀ  &¸ ﬁ/sÁ
 &¸¾ s·_l@zpuzwQpq:^QTWtq]jmpqxyNTg[m[ITwaT\[$´"]_tqTS^Qjy[$v8ls^Q´"]sz@c 
cfjmTtqpuZgTg[§wQTg[kzlsR[wQ]sz[$tqTt]_zQ:]_sTd¼ºsz¶cfTSt
wal@R]spuzTW[flsRRTWv8TS^acO 
cmjfTº´^bx
l@RRhTºpqz@cmjflawa^pq[m]_z:c^zQTºxSTSjfcm]spuzQTﬀ@"x
l@za^[fpul@z\BwaTWcoevET\[.puz]svQvQjmlsvQjmpqZST
TSz¬vQjy]"cmpq:^QT¯©¸wapu»6ZSjmTSz:cm[ºcoev8Tg[waT´"]_tqTS^Qjy[ºzQT[IThjfTScfjmls^Q´"]sz@c.nI]_R]spq[wQ]sz[ºtuT\[Rh gRTg[ºTSz´jfl@zQzQTgRhTgz:cm[g·
v8ls^Qjy:^Qlsp^[fpul@zQzQTSjcfl@^acTSz­^Qz­[fTS^Qtwal@R]_pqzQT®µªÅ·>R]_p[xST
cfcfT @"x
l@za^[fpul@z\B [fTSjfcpx
p§¸]_pqjfTjfT\[f[flsjfcfpqj
tF¡ NQl@RlssZgzQZSpucfZ[fZSR]_z:cmpq:^QTwaTx
T\[wapu»8ZgjfTgz@cmTg[´"]stuTg^Qjm[g 
"
o
"
o ¾psﬁÂ_À &¸¾ s ! ﬁ 	QÃ¸Ł 	aÀ &¸¾ s
]cfjmlsp[IpqPSRTWv]_jfcfpqTWwaTºt][fZSR]_z:cmpq:^QTºwaZSzQlscm]_cfpqlszQzQTgtutqTdT\[ocx
l@z[Icfpucf^QZgTºwaT\[kl@zxÅcmpul@z[OwaTº´µ]stu^E]"cfpqlsz·
:^QpºpuzwQpq:^QT¬x
lsRRTSz:cxg]_tx
^QtqTSjtq]waZSzQlscm]_cfpqlsz wK¡ ^QzQT³vQNQjy]s[fTwK¡ ^Qz vQjmls@jm]sRhRT[fTStqlsz [flsz wal@R]_pqzQT
[fe:z:cy]"`apq:^QT@KT\[Wlszx
cfpqlsz[waT´"]_tq^]"cmpul@z[º[IThvQjmZg[fTSz:cfTgz@c[fls^[ºt]¶l@jfRTw<¡ Z\@^E]"cfpqlszE[SKl"´px
T\[WxSlsRRT
T
`av8TSjfcm[jfT\x
l@zQz]_p[m[ITgz@cpuRRZgwap]"cmTSRTSz:cx
T\[Z\@^E]"cfpqlszE[§xS]_^E[ITºwaTdtqTS^QjO^acmputqp[f]_cfpqlszcmjfP\[xg]_jy]sxÅcmZSjmpq[Icfp:^QT
waT\[wal@^Q¢QtqTg[xSjflaxyNQTScm[©ﬁﬀ ﬀﬃﬂ ﬂäª
@]jm]spq[flszwK¡  
cmjfTWwaTdx
T\[wal@^Q¢QtqTg[x
jmlxyNT
cm[kTg[Ictq]ﬀ[IZgv]_jy]"cmpul@zTS`vtupx
pucfTWTSz:cfjmT
tqTRhl@zwaTdwQTg[kwal@R]_pqzQTg[k[fez:cm]"`ap:^QTg[$waTxSTStq^QpEwQTg[kwal@R]_pqzQTg[k[fZSR]sz@cmpq:^QT\[S"itu^[vQjy]_sR]_cfp@^TSRTSz:cg·"l@z
zQlscfTSjy]h@^TtÕ¡ ]_jms^QRTgz@c[fe:z:cy]"`apq:^QTwK¡ ^QzQTºl@zxÅcmpul@z¯wQTº´"]stu^]_cfpqlszTg[Ic¤tucfjmZ[f^Qjv]_cfjmlsz<·QxSlsz:cfjy]_pqjmTSRTSz:c
]_^Q`ﬀ]_^acmjfT\[ﬁ]sjf@^QRTSz:cm[ﬁv8lsjfcm]sz@c$waT\[´"]stuTg^Qjm[>[fZSR]_z:cmpq:^QT\[ﬁ:^QpQ[flsz:c>zQlsjmR]_tqTSRTSz:c>ZS´"]_tq^QZ\[ﬁ]µ´"]sz@c>tF¡ ]svQvETgtÕ·
x
T:^Qpano^E[ocmp¥¤TxST
cfcfTwap[ocmpuzExÅcfpqlsz¯´p[I^QTgtutqTs

(
Î.ÔÕÇoÍÉyÎSÏÕÑ21gÙ\ËÖ\ÇIÎ\ÝyÏ ÉmÏÕÑÌÝÅÎµÎµËoÊÌÊÌËÅÚSÑÌÊµËoÔÕÏEÖµË,µÓFÉmÏÕÑ21SÙµË /oÝÅÙµÓÕÉyÎ
ÏFËÖ%+ Ù\ÏÕÑÌÊÌÑÌÔFËoÓQÊÌËIÔÍ! oÍËoÔÎ\ÝÅÍÔÖ + ÙµÎµË<ÔFÇoÍÉyÎ
ÏFÑ21SÙµËL>ÊG+ ÉyÙ\ÏÕÓÕË
ÖµËÍÉyÎµÑ 3oÓÕËL )qÉ-/IÑÌÊÌÑ ÏÕËoÓ8ÊÛÉ /oÝÅÍﬃ,"ÉyÓÕÉyÑÌÔFÝÅÎÖµËÊÛÉ ,µÙµÑÌÔÕÔ ÉyÎ5/oËÖ%+ Ë:4.,\ÓÕËoÔFÔÕÑÌÝÅÎÖµËoÔ6ÊÛÉyÎµÈ
ÉyÈÅËoÔ6ÇØÏFÙ\ÖµÑÌÇoÔfåSßﬁÑÌÎµÔÕÑÚÅÊÌËÖµÝÅÍÉyÑÌÎµË#"$Ú ,sÝÅÙ\Ó
0mÖµËoÎµÝyÏFÉyÜµÊÌËkÒÅÉyÊÌÙµËoÔ%
Ú /oÝÅÍﬃ,µÓ¸ËoÎµÖºÊÌËoÔKÒÅÉyÊÌËoÙµÓ¸Ô*,_ÝÅÙ\ÒyÉyÎSÏ& ØÏFÓ¸ËkÖµÇoÔFÑÌÈÅÎµÇoËoÔ*,"ÉyÓ<ÖµËoÔÑÌÖµËoÎSÏÕÑ 3 /IÉmÏÕËIÙ\ÓÕÔ>ÖµÉyÎµÔÊÌË$ÊÛÉyÎ\È
ÉyÈÅË
å
ââ Îkbl$lm$m
Ug  4 # ﬁ
 ¾E 	& s ﬁ\ 	ts6À/&10KŁ ﬁh¨
    T 	

Æ
  T ﬁﬀﬃﬂ! "#ﬂ$%'&ﬁ(ﬁ)#+*,-
Æ
.
/012345 "687:9;! T =<>
?
A@  "4BB&C7:;#+DE$%F&C73B :& T ﬁﬀﬃﬂGFH7:9Iﬂ9Jﬂ93H7)9KﬂML:NﬂL:3H7)9O*
P
/012345 "QR34B T TSUQ
V
 @  "#B&C7:(ﬁ5/0;W)45 " T /0;W)45 "687:9;XSYQ
Z  @  "#B&C7:(ﬁ T [	#\
]
 Q_^$%3 @  "#B&C7:(N T 	< @  ""&+7)(N
` Aa!' T 
Æ
b ADﬃ&+'&ﬁcdF9735 " T eO	<>3fgSheOQijDdf
kNlmDna!' T a!'R<oDﬃ&+'&+cnF9735 "
p cdF97)5q "%a!327:"5(J4 T ﬁﬀﬃﬂ! "#ﬂ;(ﬁ&+'7)45;LrﬂF(N&C'7:45;L*
s
/012345 "%a" :&C T @  "4B&+7);#+DE$r'&C7) :&mSte;TSu/0;2345q "QvF4BCf
w
/012345 "Qx^$% T @  "4B&+7);#+DE$r'&C7) :&mS
eO/0;W)45 "687:9;XS @  "#B&C7:(N5/y;2345 #gf
z
 @  "#B&C7:(ﬁ5Q_^$r T [	#\
{
/d T Q_^$rF
@
 ""&+7)(Nv
@
 #"B&C7)(N5Q_^$%|>/0;2345q "Q_^$%

@
 "#B&C7:(NB/0;2345q "
}

[	#\ T ﬃSheO/d~-QXf
cedgf h[j
>
°WlsR]_pqzQTg[[fZSR]sz@cmpq:^QT\[OvEl@^QjtqTtq]szQ@]ssT¼º
i>ls^QjkxyNE]s:^QTwal@R]spuzT[Iez:cm]_`p:^QTs·"^zQTlszExÅcfpqlszwaTd´µ]stu^E]"cfpqlszwapu»6ZSjmTSz:cfTT\[ocwQZ
¤zQpqTsWztu^QpEwalszQzT
^QzzQl@R·svQ^Qp[klszht]waZ
¤zp¥cvE]_j$^QzQT[f^QpucfTdw<¡ Z\@^E]"cfpqlszE[$[IZgR]sz:cfp@^Tg[g
ØtQe]@ZSzQZgjm]stuTgRhTgz:cﬁ^QzTZg:^]_cfpqlsz
v8ls^Qj¶xyN]@x
^QzT¯wQTg[¶]st¥cmTSjmz]"cmpu´@Tg[]_vQvE]_jy]_p[f[m]_z:chw]_z[t]¬vQjmlwQ^xÅcmpul@zC©Õx
lsRv8l@[fp¥cmT\ªwaTBt]Ä[Iez:cm]_`aT¯]s¢[I
cfjy]_pucfTWvEl@^Qjx
TºwalsR]_pqzQT[Iez:cm]_`apq:^QT@:¹Tgtul@zbtqTg[¢ET\[Il@puz[OwaTºt]ﬀ[fZSR]_z:cfp:^QTs·:T
cwaTxyN]sxS^QzbwaT\[OwalsR]_pqzQT\[
[fe:z:cy]"`apq:^QT\[S·tqTg[Ol@zxÅcmpul@z[waT´"]_tq^]_cfpqlszvETg^Q´sTgz@cxSlsRvEl@jIcmTSj^QzBxSTSjfcm]_pqzzQlsR¢QjfTwK¡ ]_jms^RhTgz:cm[º¨QTSz´pu
jmlszQzQTgRTSz:cg·"RZSRl@pujmTs·_TScmxss<T\[>Zg:^]"cmpul@z[$waZS¤zQp[f[fTSz:cksZgzQZSjy]_tqTSRTgz@c$waT\[>lszx
cfpqlsz[ﬂ_t]Wzl_cm]_cfpqlszhtq]vtu^[
^acmputqpq[fZSTOv8ls^QjkwQZ
¤zQpqjkx
T\[ﬁlszx
cfpqlsz[ﬁT\[ocktqT|aØxS]stqxS^QtQxS]sj>xST
cfcfTOzQl_cy]"cmpul@zv8l@[m[IP\waT.tuT\[>vQjfl@vQjmpuZScfZg[ﬁR]"cmNQZSR]_
cfp:^QTg[zQZgxSTg[m[f]spujmTg[vEl@^QjwaZS¤zQpqjtuT\[O´"]_tqTS^Qjy[waTg[wQlsR]_pqzQTg[[fZSR]sz@cmpq:^QT\[waTºlszx
cfpqlsz[ ] ¹axyN
$&#·Bl:[f~@C`F
kml ﬁ:nﬁÃ ﬁpo¾psﬁÂ_À &¸¾ sg 	ts6À &$0KŁ ﬁFn¾8ŁRx½Aq o]¤@^QjfT #¶vQjmZg[fTSz:cfTﬀtuT\[dvQjmpqzx
pqv]_tqTg[lszx
cfpqlsz[
waT´"]_tq^]"cmpul@z³v8ls^j¼ºk·<xs¡ T\[ocf §_ wapqjmTx
TgtutqTg[:^QpkxSlszxSTSjmzQTSz:ctqTg[wal@R]spuzTg[[Iez:cm]_`apq:^QT\[º]@[f[f^Qjy]_z:cWtqTg[
sjy]_zEwQ[>]_pqs^Qpqtut]_@Tg[>wQ]sz[>tuTvjfl@sjy]_RRTW¨_vjfl@sjy]_RRTs·µwaZgxStq]sjm]_cfpqlsz[g·"waZgxStq]sjm]_cfpqlsz[>waTOcoev8Tg[kwaTxSlsz:cfjy]"cy[
T
cºwaTﬀx
l@z:cfjy]"cm[g·aT
cyx_8]¶waZgzQl_cy]"cmpul@z¯]@[f[flax
pqZST§^QzBvjfl@sjy]_RRTºvE]_jt]hlszx
cfpqlszwaTﬀ´µ]stu^E]"cfpqlsz&Tg[Ict]
v]spujmTB"O
7
%WlD-T\[ocºtÕ¡ TSz´pqjfl@zQzQTSRTgz@cºls¢acmTSz^v]sjdtF¡ Zg´"]_tq^]"cmpul@zwaTg[ºwaZ\x
t]_jy]"cfpqlszE[T
c

Tg[IcWtqThjfZ\[I^Qtucm]_c
waT¯tF¡ Zg´µ]stu^E]"cfpqlsz«waTtÕ¡ T
`avQjmTg[m[Ipqlsz­waTcfTg[IcgkTg[[fZg:^QTSzEx
Tg[waT¯waZ\x
t]_jy]"cfpqlszE[ﬀRPSzTSz:c¶§t]³xSlsz[Icfjm^x
cfpqlsz
wK¡ ^Qz Tgz:´pqjfl@zQzQTgRhTgz:c¶v]_jtq]Äl@zxÅcmpul@z
X
·.TSz ]_vvQtup:^]_z:c§xyN]s:^QTwQZgx
t]_jy]"cmpul@z tq]Äl@zxÅcmpul@z
T
cfcfThwaTSjmzQpqPSjmT]_vQv8TStqtuTtq]lszx
cfpqlsz>rŁﬃ [g¡ pqt>[S¡ ]_@p¥cWw<¡ ^QzTwaZ\x
t]_jy]"cfpqlszBwaTcoe:v8TwQTﬀx
l@z@cmjm]_cdT
cX [S¡ put
[g¡ ]sspucvtu^acm£_cw<¡ ^QzT¶waZgxStq]sjm]_cfpqlsz³wQT¶x
lsz:cmjm]_cg<]l@zxÅcmpul@zoŁ2pqtqtu^[IcfjmTtÕ¡ ^acmputqpq[m]"cmpul@zwaTg[xSlsz:cfjy]"cy[S<±´sT\x
tF¡ pwaTSz:cmp¥¤Exg]"cmTS^QjﬀwQTxSlsz:cfjy]"cYIy·<l@z³jmZgxS^QvEPgjfTtqT¶x
l@z@cmjm]_cwQ]_z[tF¡ TSz´pujmlszQzTSRTSz:cvQjmlwQ^Qp¥cvE]_jE
X
·<v^Qpq[
]µ´sT\xtF¡ pqwaTgz:cfpu¤ExS]_cfTS^jwaTwapqRhTgz[fpul@zRI

·"lszjfZ\x
^Qv8PSjmTOtq]Wl@zxÅcmpul@zwQT.´@ZSjmp¥¤8xS]"cmpul@z]@[f[flax
pqZST§ºtq]wapqRTSz[fpul@z
v]sjtuTx
l@z:cfjy]"c©´^Bx
l@RhRT^Qz¯TSz´pqjfl@zQzQTSRTgz@cÅªÅ·Q:^QpKT\[ocd]svQvQtqpq:^QZgT§ht]´"]_tqTS^QjORTg[f^QjmZST {\
]lszx
cfpqlszrŁE xSlsz[Icfjm^Qpuc.wK¡ ]_¢8lsjywt]ﬀwaZgzQl_cy]"cfpqlszwa^coevETºwaTx
lsz:cmjm]_cvQ^Qp[xSjfZgT^QzQTWtup]_p[flszb]µ´@Tgx
[flsz¬pqwaTgz:cfpu¤ExS]_cfTS^jv]_j ﬀ	%-	%)(s·:^Qp$T\[ocﬀxSlsRﬀ¢puzQZgT§¯tÕ¡ TSz´pujmlszzQTSRTSz:cTSzÄx
l@^Qjy[waT¶x
l@z[ocmjf^ExÅcfpqlsz¬v]sj
HI# ﬀ	%e
8]waZgzQl_cy]"cmpul@z¯wQTtq][fZg:^QTgzx
TwaTwQZgx
t]_jy]"cmpul@zwQTwapuRTgz[IpqlszE[walszzQZSTv]sj	rŁ&]s[m[Ilax
pqTwQ]_zE[
^QzhTSz´pujmlszzQTSRTSz:c$waZ
¤EzQpq[m[m]_z:c$tuT.coevETwaTxSlsz:cfjy]"c$xyN]s:^QTOpwaTSz:cmp¥¤Exg]"cmTS^Qj$waTwapqRTSz[fpul@zh§ºt]waZSzQlscm]_cfpqlsz
waTt]wapqRhTgz[fpul@z<_]ºl@zxÅcmpul@zy
X
cfjy]_pucfTt][IZ\@^TSzxSTwaTwapqRhTgz[fpul@z[S·_xyNE]sx
^zQTwaTx
TgtutqTg[IØx
paZ
cy]_z:c$cfjy]_pucfZgT
v]sjtq]hl@zxÅcmpul@z&cfjy]_pucm]sz@ct]waZ\x
t]_jy]"cfpqlsz¯wa^¯coev8TﬀwaTﬀwapqRTSz[fpqlsz¯v]_j|yŁ&:^QTzQl@^[T
`avQtqp@^lsz[vtu^[
tqlspqz<:]lszExÅcfpqlsz xS]_tx
^tuTWtq]wQZSzQlscm]"cmpul@zbwaTWtq]wQZgx
t]_jy]"cmpul@z¶waTWxSlsz:cfjy]"cTSzb]svQvETgtq]sz:ct]lszx
cfpqlsz%k·
vQ^Qp[.TSz¶tqp]_z:c.[flsz¶jmZg[f^Qtucm]_c.§tF¡ pqwaTgz:cfpu¤ExS]_cfTS^jOwQ^bx
l@z@cmjm]_c.wal@zQzQZºwQ]_z[^QzTSz´pujmlszQzTSRTSz:c:^Qp6´"] ScfjmTdt]
waZgzQl_cy]"cfpqlsz¯waTt]waZgxStq]sjm]_cfpqlszwQTx
lsz:cmjm]_cga]lszExÅcfpqlsz%¬Tg[IcZS@]stuTgRTSz:c.TS`avQtup:^QZSTxSp¥Ø]_vjfP\[S
ãgﬁâ<ãäß
 
		ﬀﬁﬂ	ﬃﬁ! #"$%&'&#)()()*,+-"./("/#0ﬀ	1324 65387'9:5 U@U
 \?\ ﬀ ﬀ    ﬂ ﬂ

k s 
N

 ﬀ ﬀ	
/


X
 ﬂ ﬂDK Ã ﬁ:À,RK
X
ﬀ ﬀ&
X
ﬂ ﬂ1	& s*"I
7
Ł ﬀ ﬀ
 ﬂ ﬂ1	%

X
\ \ ﬀ ﬀ  Z r i
X
ﬂ ﬂ
N
k s 

k s 

X
ﬀ ﬀ
X
ﬂ ﬂRK & 
X
K
f
g
À ﬁ%sW ﬁÃ¸ ﬁ	
X
ﬀ ﬀ
X
U ﬂ ﬂV";y ﬀ ﬀ&
X
j
U
ﬂ ﬂ1	% ﬁ/s ! &
 \ \ ﬀ ﬀ  Z r i ﬂ ﬂ
N
kms 

kms 
ﬀ ﬀﬀﬂﬁ
t Hgﬃ ﬂ ﬂ1RKtrŁE ﬀ ﬀHg ﬂ ﬂ1
ﬀ ﬀ	ﬂ/tw HIﬃﬂ ﬂRK  ﬀ ﬀHI ﬂ ﬂ
Ł \ \ ﬀ ﬀ  1Z"! p ﬂ ﬂ
N
kms 


Ł ﬀ ﬀ	ﬀtt$#"%t	3}&ﬁ 	4	

{'ﬂ ﬂ]K
Ã ﬁ@À(*) K #

" ﬀ/b-D",+ ﬀ ﬀ
	ﬂ ﬂ
7
	%Jc -/.ﬂ0132465879;:=<?>;9-%
	ts !A@5K ﬀIb-D",+ ﬀ ﬀ
	

ﬂ ﬂ
7
)%Jc 46587?9=:=<?>;9
"CB,D
1"7ﬂE
B
587
& sF@R";ﬃGﬀ ﬀ&ﬀ{ ﬂ ﬂ$%
rŁE \ \ ﬀ ﬀ H 0I C3JﬀZ" Z r
i
ﬂ ﬂ

k s 

kms 
rŁEﬀ ﬀ	ﬀK/tw"$#"ﬂﬁ
tL#/tM 	MH/ﬂ ﬂRK
Ã ﬁ@À6N K %Ł ﬀ ﬀH ﬂ ﬂ
& sHI# ﬀ	%e"ﬀ	%-#	%c(q",+ ﬀ ﬀ
	
ﬂ ﬂ
7
	%&   "	N&% %
7
	%
rŁ \?\ ﬀ ﬀ H 0I `C"JﬀZ ﬂ ﬂ

¾ s6À
	QÂsÀ  ﬂEnﬁ
rŁ ﬀ ﬀ		K/w$#"ﬁ
w^	%
X
ﬂ ﬂ Kt
X
ﬀ ﬀ&	%
X
ﬂ ﬂ1ﬂ

X
\?\ ﬀ ﬀ I	 Z-0O!-IP 0
X
ﬂ ﬂ
N
¾ s6À
	QÂ_À ﬂEn ﬁ

ﬀ¾ s6À
	QÂsÀ  ﬂEnﬁ

X
ﬀ ﬀ#	%
X
ﬂ ﬂRK &4#	%
X
K
f
g
À ﬁ/s ﬁÃ¸ ﬁ	
X
ﬀ ﬀ#	%
X
U ﬂ ﬂ "O ﬀ ﬀ&	%
X
j
U
ﬂ ﬂ	% ﬁ/s ! &
 \ \ ﬀ ﬀ  I Z 0O!-I	 0 ﬂ ﬂ
N
¾ps6À 
	QÂ_À ﬂEnﬁ

¾ s6À
	QÂsÀ  ﬂEnﬁ
 ﬀ ﬀ	 p}

	3/}?	 	 / ﬂ ﬂ1RK HI# ﬀ	%-"ﬀ	%-	%)(W"Q+ ﬀ ﬀ	 ﬂ ﬂ
7
	%&   ";yŁ ﬀ ﬀ& ﬂ ﬂ % %
7
	%
 \?\ ﬀ ﬀ H 0R Z r
i
ﬂ ﬂ

k s 

kms 
 ﬀ ﬀ		K/w$#/w8MA	MHISﬂ ﬂ]K-Ã ﬁ:À/) K % ﬀ ﬀHI ﬂ ﬂ & sHI# ﬀ	%-"ﬀ	%-	%)(D",+ ﬀ ﬀ
	ﬂ ﬂ
7
	%&   "T)% %
7
	%
cedgf h #
>VU
l@zxÅcmpul@z[waT´"]_tq^]_cfpqlsz¬vEl@^QjtuT\[walsR]spuzQT\[[Iez:cm]_`apq:^QT\[ºwQT¼º ]s[m[I^Qjy]_z:ctuT\[sjy]_zEwQ[]_pu
s^putqtq]ssT\[S
]lszExÅcfpqlsz yŁ!xg]_tx
^QtqT¯tq]ÄwaZgzQl_cy]"cfpqlsz waT\[waZgxStq]sjm]_cfpqlsz[waT¯coev8T¯wQTwapuRTgz[IpqlszE[Sl@z[IpwaZgjfl@z[
^QzQp:^QTSRTgz@ctqTxS]@[OwaTg[wQpuRTSzE[Ipqlsz[[fpqRhvtuT¶©Õ[f]sz[O^QzQpucfZwaTRTg[f^QjmT\ªº¨
yŁ \ \ ﬀ ﬀ  IA `C"J.Z ﬂ ﬂ

  &¸ ﬁ/sﬁ/&Õ¾ps	 ﬂEn ﬁ
yŁ ﬀ ﬀ	  }

ﬂﬁ
wW#%}


WM%3#S ﬂ ﬂqK
Ã ﬁ:À/X[K 'Y ﬀ ﬀ&# ﬂ ﬂ
& s2WZ
 
L[
 
& #

"[8%OK " s¾ s ﬁ
7
f
g
%
À ﬁ/sWW[
! 
&4#

"[

%OK 

"[8%
À3 ﬁ/s\X;"Z%"/#

"[8% %,".#

"[

% %
ﬁÃ¸ ﬁ]h
-
ﬁ/s !&
ﬁÃ¸ ﬁ]h465879;:=<?>;9
"CB,D
137ﬂE
B
57
ﬁ/s ! &
ââ Îkbl$lm$m
U\  4 # ﬁ
Wz¯´sl@p¥cW:^QTﬀtuTjmZg[f^Qtucm]_cdTg[Icd^QzQTlszx
cfpqlsz:^QpvjfTgzw¯^Qzl@vEZgjm]_cfTS^jwaTxSlsz:cfjy]_pqz:cfT©¸:^Qp>[ITgjm]wQZ
¤zQp
wQ]sz[tqTbx
l@z:cfjy]"cyª
·<T
c:^QpjmT
cmls^QjmzQT^QzQTblszx
cfpqlsz :^Qp.]sxSxSTSvacmT¶^QzQTb´µ]stuTg^QjwQTbwapqRhTgz[fpul@z x
pq¢QtuTT
c:^Qp
vQjmlawa^Qpqjm]^QzQTl@zxÅcmpul@z waT´sZgjfpu¤Exg]"cfpqlsz<]lszx
cfpqlsz [f^Qjt]¯´µ]stuTg^QjﬀxSpu¢QtqT¶x
l@RRhTgzx
TvE]_j´sZgjfpu¤Tgj@^T
[flsz^Qzp¥cmZwaTRhT\[I^jfTTg[IcW¢QpqTSzO@	wcB@·Ex
Th:^Qp>Tg[IcWtqTxS]@[dwaT\[WwQpuRTSzE[Ipqlsz[º[fpuRvQtqTsK¹p>x_¡ Tg[IcºtqTxg]s[g·TStqtqT
jmT
cfl@^QjmzQTt]lszx
cfpqlszwaT´sZgjfpu¤ExS]_cfpqlszB:^QpﬁvQjfTgzw¯t]¶´"]_tqTS^QjWRTg[f^QjfZgTs·E´sZSjmpu¤T[Il@zB^QzQpucfZwaTRTg[f^QjmTT
c[Ip
TStqtqTTg[Icx
lszQlsjmRhT@·"TStqtuT]svQv8TStqtuTt]ºlszx
cfpqlszwaT´@ZSjmp¥¤Exg]"cmpul@zvQjmlawa^QpucfTv8ls^Qjtq][flsjfcfTwaTwapqRTSz[fpqlsz<:TScIcmT
waTgjfzQpqPSjmThlszx
cfpqlszxS]stqxS^QtqZSTTSz waZg¢Q^acﬀwaT0Ł2vQjfTgzw¬tÕ¡ lsv8ZSjy]"cmTS^QjwQT¶x
lsz:cmjm]spuz:cfT@·Ktq]¯´"]stuTg^Qjx
pq¢QtqTT
ct]
´"]_tqTS^QjRhT\[I^jfZgTs·_TScTStqtuTjmT
cmls^QjmzQT´jy]_p[fpQt]x
lsz:cmjm]spuz:cfTT\[ock´@ZSjmp¥¤EZSTT
c¸]_^a`[IpqzQlsz
j
z¶´@lspx
pat]waZ
¤EzQp¥cmpul@z
v8ls^QjtqTg[wQpuRTSzE[Ipqlsz[OZgz^QRZSjy]"cfpqlsz]µ´sT\xdjmTSt]"cmpul@zwK¡ lsjywajmT¨
'Y\ \ ﬀ ﬀ  I  " p ﬂ ﬂ

  &¸ ﬁ%sﬁ &¸¾ s %¾ µÀ
'Y ﬀ ﬀ	  }

ﬂ #ﬀ	

#E}3 "IM	
X
 ﬂ ﬂqK
Ã ﬁ:À (	 K +
X
ﬀ ﬀ	
X
ﬂ ﬂ
	ts !
 K\Yﬀ ﬀ"I ﬂ ﬂ
	ts ! K ﬀ ﬀ& ﬂ ﬂ 
& s2WZ
 

 
&W" c P2ﬂ1  % ".HI +ﬁ#ﬂ	$ﬀ&	"Z
7

ﬀ% %
À3 ﬁ/s &WZK ﬁ 0KŁ 	QÃ
À ﬁ%s2

 
6Kﬀ

ﬁ:ÃÕ ﬁ &R"ﬁ
BK & sﬁÂ 
ﬁ 	Q/& s uﬂ%ﬂ "Z[K<uEÀ %
À ﬁ%s2
! 
dc
P2ﬂ1ﬃ! 


c
P2ﬂ1
ﬁ:ÃÕ ﬁ &R"ﬁ
BK & sﬁÂ 
ﬁ 	Q/& s uﬂ%ﬂ "Z[K<uEÀ ﬁ 0KŁ 	QÃ %
À ﬁ%s2
! 
"  K#

%$ " dc
P2ﬂ1
ﬃ! 


c
P2ﬂ1
%
ﬁ:ÃÕ ﬁ &R"ﬁ
BK ! ﬁÂ 
ﬁ 	Q & svuD%  "Z[K ÃÀ %
À ﬁ%s2
! 


c
P2ﬂ1
ﬃ! 
dc
P2ﬂ1
ﬁ:ÃÕ ﬁ &R"ﬁ
BK ! ﬁÂ 
ﬁ 	Q & svuD%  "Z[K ÃÀ ﬁ 0KŁ 	QÃ %
À ﬁ%s2

 
"  K#

%$ " 

c P2ﬂ1
ﬃ
 
dc P2ﬂ1
%
ﬁ:ÃÕ ﬁ[hC-
ﬁ%s ! &
ﬁÃ¸ ﬁ]h46587?9=:=<?>;9
" B D
1"7ﬂE
B
587
ﬁ/s !&
±vjfP\[º]µ´@lspqjWxg]_tx
^QtqZtF¡ TSz[fTSR¢QtuTwaT\[@µ´"]_tqTS^Qjy[/B]swaRp[f[fpq¢QtuT\[

·Ktq][IZgR]_z:cfp:^QThwQThjmTSt]"cmpul@z&
¬T
ct]
jmTSt]"cfpqlsz³wK¡ l@jmwQjfT%·Kl@zjmT
cmls^QjmzQTﬀ^zQThlszx
cfpqlsz³:^Qp$vjfTgzw^Qz³lsv8ZSjy]"cmTS^QjwaTx
l@z@cmjm]spuz:cmTﬀT
c^QzQT´"]_tqTS^j
x
pq¢QtqTs·µT
c>:^Qpv]_jﬁ]_z]stuea[fTwaT.xS]s[jmT
cfl@^QjmzQTk^QzQTlszExÅcfpqlszwaT´@ZSjmp¥¤8xS]"cmpul@z:^Qp@vjfTgzwajy]^QzQT.´"]_tqTS^QjﬁRTg[f^QjfZgT
T
cOjmT
cfl@^QjmzQTSjy]´jm]spls^¶¸]_^a`¶[fTStqlszb:^QTWtq]ﬀjfTgtq]_cfpqlsz¶Tgz@cmjfTºx
TScIcfTW´"]_tqTS^Qj.T
cOtq]ﬀ´"]_tqTS^Qj.x
pq¢QtuTºv]sjtF¡ l@vEZgjm]_cfTS^j
waTx
l@z:cfjy]_pqz@cmTTSc>´@ZSjmp¥¤EZSTl@^ﬀzQl@z<_z]s[fv8TgxÅc$[f^Qj>tuT\@^TStazQl@^[ﬁz<¡ ]µ´@lsz[v]@[ﬁwQlszQzQZOwK¡ T
`avQtqpqxg]"cmpul@zﬀTg[Ickx
Tgtu^Qp
waTtq]xSlsRv]_cfpq¢QputqpucfZ¶Tgz@cmjfT[IZgR]sz:cfp@^TbwaT¶jmTSt]"cmpul@zT
cﬀl@vEZgjm]_cfTS^jwaTbxSlsz:cfjy]_pqz:cfT@ﬁ¼º TS`pqsT@^¡ ^QzT
[fZSR]_z:cfp:^QTwQTjmTSt]"cmpul@z }3t/w}z¡ ]@waRT
c@^TwaT\[hlsv8ZSjy]"cfTg^Qjy[waT¯x
l@z:cfjy]_pqz@cmTbZg@]_tF·ﬁvQtu^E[@jm]szw
ls^¬vQtq^[sjy]_zEwls^¬ZS:]_tF·6T
cpuz´@TSjy[ITgRhTgz:cºv8ls^QjtqTxS]@[ /wt/t}6·x
T:^Qp$Tg[Ic´sZgjfpu¤Zhv]_jt]bl@zxÅcmpul@z
[f^Qpu´"]sz@cmT¨
HI#X+E	$ﬀ	"Z
7

ﬀ%'K
" "ﬁ
BK sﬁ¾ s ﬁ%ﬂ "ZYK ﬁ 0KŁ 	Ã % %'$
" "ﬁ
BK & sÂ 
ﬁﬃ	/& s uﬂ%ﬂ " "Z[K ﬁ0KŁ 	QÃ % $ "Z[KJuÀ %$ "Z[K uÀ ﬁ 0KŁ 	QÃ % % %'$
" "ﬁ
BK ! ﬁÂ 
ﬁ 	Q & svuﬂ%ﬂ " "Z[K ﬁ 0KŁ 	Ã %ﬂ$ "Z[K Ã¸À-%$ "Z[K ÃÀ ﬁ 0KŁ 	QÃ % % %
£_cmZx
l@z@cmjm]_cm[g·"tuT\[$l@zxÅcmpul@z[kwaT´"]stu^]_cfpqlsz0%BT
c 
X
Z
cm]sz:cxyN]_jmsZgTg[$waTdxSlsz[Icfjm^QpqjfTOtF¡ Tgz´:pqjmlszQzQTgRTSz:c
tqpq]sz@czQl@R+waThwQpuRTSzE[Ipqlsz[º]_^Q`BxSlsz:cfjy]_pqz:cfT\[S·8zQls^E[dzQl@^[x
l@z@cmTSz:cfl@z[ºwaThwQlszQzQTgjWt]l@zxÅcmpul@z-cmjm]sp¥cy]_z:c
tqTg[x
l@z:cfjy]_pqz@cmTg[O[fpuRvQtqTg[¨
d\ \ ﬀ ﬀ H 0O!
p

I 0
p
ﬂ ﬂ

¾ s6À
	QÂ_À ﬂEn ﬁ

ﬀ¾ s6À
	QÂsÀ

k s 

¾ps6À 
	QÂ_À
 ﬀ ﬀ	 /tp}K$#%}


LM%A	 Hg+ {  ﬂ ﬂN ) RK
Ã ﬁ:À
(
[YK  Gﬀ ﬀ{ ﬂ ﬂ
	ts !( K ﬀI#beD"Q+ ﬀ ﬀ	ﬂ ﬂ
7
N&%
	ts !(

K 	%a   ")( c
" B D
1"7ﬂE
B
587ﬂ-/.ﬂ01]";* ﬀ ﬀHG+ ﬂ ﬂ %,"[8% %
& s H/ ﬀ	%-" )
7
ﬀ	%-	%)(D",+ ﬀ ﬀ
	ﬂ ﬂ
7
(

% %
ãgﬁâ<ãäß
 
		ﬀﬁﬂ	ﬃﬁ! #"$%&'&#)()()*,+-"./("/#0ﬀ	1324 65387'9:5 UC;
T
cfcfTl@zxÅcmpul@z xS]stqxS^QtuTwQ]_z[ﬃ[tq]B´"]stuTg^QjxSpu¢QtqTbwaTtq]x
lsz:cmjm]spuz:cfT@·<vQ^Qp[jmZgxS^Qv8PSjmT¶wQ]_z[ﬀtuTbcoevETbwQT
x
l@z:cfjy]"c N t]h´µ]stuTg^Qj!(²]@[f[flax
pqZST§tq]wapqRTSz[fpqlsz<ETScIcfT´"]stuTg^QjTg[Ic^QzQTl@zxÅcmpul@zxg]_tx
^QtqZSTv]sj	yŁ @^T
tF¡ l@zjfZ\x
^Qv8PSjmTﬀvE]_jdvjflsnoTgxÅcmpul@z[I^jWtqTwal@R]_pqzQTL  &¸ ﬁ/sﬁ/&Õ¾ps	 ﬂEnﬁ¶TScº:^QTﬀtF¡ lsz]svQvQtqpq:^QTh§¶tF¡ l@vEZgjm]_cfTS^j
waTx
l@z:cfjy]_pqz@cmTﬀv8ls^Qjl@¢acfTgzQpujt]¶l@zxÅcmpul@z@ZSzQZgjm]_cfjmpqxSTwaThlszExÅcfpqlsz¬waT´sZgjfpu¤ExS]_cfpqlsz§t]s:^QTStqtqTl@zv]@[f[fT
t]´µ]stuTg^Qjx
pq¢QtqT'[]hl@zxÅcmpul@zwQT´sZSjmpu¤ExS]_cfpqlsz¯]_pqz[IpKl@¢acfTgz^QTs·QT\[ocpqz"noT\xÅcfZgTwQ]_zE[tuTwQlsR]_pqzQTﬂ   v8ls^Qj
ls¢QcfTSzpuj!(

:^Qp[fTSjy]ﬀvtq]@x
ZSTwQ]sz[OtF¡ Tgz:´pqjfl@zQzQTgRhTgz:c:^Qp´µ]hjmTSvQjmZg[fTSz:cmTSjOtuTxSlsz:cfjy]"c\
  
	y	
ﬀﬃ
 *  ,ﬀ/ 13,
 	  
 	% 	  
   
ﬃ	"*ﬂﬃ  ﬁ"ﬁ	 
]ORlawaZgtup[f]_cfpqlszwaTtq][fez@cy]"`aTk]_¢E[ocmjm]sp¥cmT$Tg[Icx
TgjIcy]_pqzQTSRTSz:ct]Ov]sjIcmpuTkt]RpqTS^a`x
l@zQz^QTkwaTktF¡ ]svQvQjmlaxyNQT
vQjmlsv8l@[fZkpx
pF
j
zﬀT
»6T
cg·µt]sjy]_RR]_pqjmTk]_¢[Icfjy]_pucfTwQZgx
jmpq´µ]sz:cwaTg[ﬁ]_jm¢8lsjmTg[mx
TSzEx
Tg[g·
x
T\[]sjf¢8lsjmTg[mx
Tgzx
T\[6vETg^Q´sTgz:c
 
cmjfThjmTSvQjmZg[fTSz:cfZgTg[º[Il@^[dlsjmRhTwK¡ ls¢anoTScm[gKk¡ pqwaZgTTg[IcwaTwaZS¤zQpqj^QzQTx
t]s[m[ITvEl@^QjxyN]s:^QTwalsR]spuzQT[fe:zQ
cm]_`apq:^QT@@<l@jm[m:^<¡ ^Qz¶walsR]spuzQTW[Iez:cm]_`p:^QTv8l@[m[IP\waTvQtq^[fpuTg^Qjm[]_tucfTgjfz]_cfpq´sT\[S·s[m]xStq]@[f[fTTg[Ic.wQZ
¤zQpqTdxSlsRRT
]_¢E[ocmjm]sp¥cmTdT
cOlszwaZ
¤EzQp¥c]s^acm]sz@cOwaT[Il@^[oØx
t]s[m[fTg[xSlszxSjfPScfT\[:^<¡ put6e¶]hwK¡ ]_tucfTSjmz]_cfpq´sTg[wQ]_zE[t]vjflawa^x
cfpqlsz<
T
cfcfT]_vQvjflaxyNQTTg[Icº¢QpqTSz¬x
l@zQz^QTﬀTSc]bZ
cfZxS]svacf^jfZgTﬀv]sjW^QzTv]sjIcmpuTwa^³v]"cmjfl@zwaTx
lszEx
TSvQcfpqlsz fﬁg"$F
+-"/gb" ] _ diW~ja·Ev<K"});#`  ØtT\[ocºZS´pwaTSz:cW:^QTtF¡ ]_vQvQtqpxS]"cmpul@z[Iea[IcfZgR]_cfp:^QTﬀwaTﬀxSTv]_cfjmlszBvQjmlawa^QpucWwaTg[
RlawaPStqTg[jmTSt]"cmpu´@TSRTSz:ctul@^Qjmw[T
c[Il@^Q´sTgz:cRl@puz[º¸]@x
pqtuT\[§R]szQpqTSjv]_jtF¡ N:^R]spuzÄ:^QTtuT\[sjy]_RR]_pqjfT\[
]_¢E[ocmjm]sp¥cmTg[ﬀxSlsjmjm[fv8lszwQ]sz:cfTg[g¡ ]µ´"]_z:cy]_sTpx
pOwK¡ ]µ´sl@puj^zRlawaPStqTb´pqTSz:cvQtq^acm£_cwa^ ¸]sp¥c@^¡ pqtv8TS^Qch ScfjmT
R]_zQpqvQ^QtqZ]_^QcflsR]_cfp@^TSRTSz:cv]_jOtqTRlwQTStqTS^Qj\
kml ﬁ:nﬁÃ ﬁpo:½¿¾ !ﬁÃ$&¸ 	aÀ &¸¾ s! ﬁÃ 	 ﬂ s6À 	l ﬁ 	

gÀ
	&¸À ﬁ ! ﬁLx¶½Kq o@]O¤@^QjmT !.vQjmZg[fTSz:cfTk^zﬀwap]_sjy]_RRT
waTdxStq]@[f[fTg[>vE]_jfcfpqTStwaTdtq][fez:cm]"`aT]_¢E[ocmjm]sp¥cmTwaTº¼ºB[fTOlszw]_z:c[f^Qjx
Tdv]"cmjfl@z<_i>ls^QjzQTv]@[$TSzxSlsR¢QjfTgj
pqz:^QcfpqtuTgRhTgz:ctqTBwap]_sjy]_RRTwQZonI§¬tul@^QjywK·>zQls^[z¡ ]µ´@lsz[v]s[hpqzx
tq^[tqTg[hjmTSt]"cfpqlszE[Tgz:cfjmTtqTg[wapu»8ZgjfTgz:cfTg[
[flsjfcfTg[OwaTwapqRTSz[fpqlsz¯T
ct]hxStq]@[f[fT	K3}"& }ﬀh:^QpKjmTSvjfZ\[ITgz@cmTSz:cOtuTº¸]_pucd:^QTtuT\[waZgxStq]sjm]_cfpqlsz[OwaT[flsjfcfT\[
waTwapqRTSz[fpqlsz[Opqz:cfjmlwQ^Qpq[fTSz:ctqTg[OzQl@R[wQTg[wapu»6ZSjmTSz:cfT\[O´µ]stuTg^Qjy[]swaRp[IT\[Ov]_jOt]wapuRTgz[Ipqlsz
  	  
 	% 	  
   
 	 ﬁ	E  % ﬁ		ﬀ 
lscfjmTls¢anoT\xÅcfpu>Tg[IcwQTcfjy]_z[fvEl:[ITgjOTSzcfTgjfRTg[w<¡ l@¢anoT
cy[tq][fZSR]_z:cmpq:^QTºlsjmRTStqtuTwQT´sZSjmpu¤ExS]_cfpqlszbvjfZS
[fTSz:cfZgTºwQ]sz[.tq]h[fTgxÅcmpul@zbvQjmZgxSZgwaTgz:cfTsaTWv]@[f[m]_@TWwaTºt][fZSR]_z:cmpq:^QTwaZSzl_cm]_cfpqlszQzTStqtuT§ﬀ^zRlawaPStqTºls¢anoTSc
Tg[Iccfl@^ac[f]s^a.wapqjmTgxÅc\
j
z¬T
»6T
cg·tuTQ xg]_tx
^QtF·6l@[m[f]_cf^QjmTwaTt]v]_jfcfpqThxg]_tx
^Qt]"cmlspqjfTwaTt][fZSR]_z:cmpq:^QTwaZ

zQlscm]"cmpul@zQzQTgtutqTs·acmpujmT^QzTsjy]_zwQTºvE]_jfcfpqTwaTﬀ[m]vQ^Qp[f[m]_zxSTwK¡ ^QzQT^acmputqp[f]_cfpqlsz[fe[IcfZgR]"cfp:^QTwaT\[Olszx
cfpqlsz[
wK¡ lsjywajmT¯[f^Qv8ZSjmpuTg^Qj\·k¢ET\]_^xSls^Qv Rlspqz[b^[IpucfZgTg[¶w]_z[tF¡ ]_vQvQjmlaxyNQT¯ls¢anoTScg,V HI#ﬁﬂ"."$	"·.tq]ÄRlawaZStqp[f]_cfpqlsz
ls¢QnoT
cW[g¡ ]svQvQ^QpqTﬀ[f^QjtF¡ NZSjmp¥cy]_sT@·tqTv8lstqe:Rl@jfvQNpq[fRTT
cg·EZS´@TSz:cf^QTgtutqTSRTgz@c\·t]¶[f^QjmxyNE]_jmsTwaTg[dRZ
cfNlwQTg[Tgz
lszExÅcfpqlsz¯waT\[OcoevET\[OT
cdwa^¯zQl@Rﬀ¢QjmTwaTtuTg^Qjm[]sjf@^QRTSz:cm[g
±pqz[fpÕ·EcfpqjmTSjº^QzQTﬀRlawaZgtup[f]_cfpqlszl@¢anoT
cwK¡ ^QzQT[IZgR]sz:cfp@^TﬀwaZSzl_cm]_cfpqlszQzTStqtuThwaTSR]_zEwaTwaTwaZS¤zQpqjW^QzT
NQpqZSjy]_jyxyNQpqTOw<¡ NQZgjfpucm]ssTOv8ls^QjjfTgvQjfZ\[ITgz:cfTSj>tqTg[walszQzZSTg[g·swaTdjfZgv]_jfcfpqj$tuT\[>lszExÅcfpqlszE[$^acfpqtqpq[m]_z:cwaTt][fZStqTgx
cfpqlsz
[f^QjtqTcoev8TWwaT\[wal@zQzQZST\[kTgz¶RZ
cfNlwQTg[[f^Qj.tuT\[xStq]@[f[fTg[kxSlsjmjfT\[Iv8lszEwQ]_z:cfT\[S·"TScTgza¤zbwK¡ ^acmputqpq[fTSj.t]x
l@Rhv8l@[fpu
cfpqlszwaTdRhZScfNQlawaT\[kv]sjk[I^vETgjkls^v]sj$TSz´sl@pwaTRTg[m[m]_sT\[>tq§lDtq][fZSR]_z:cmpq:^QTwaZgzQl_cy]"cmpul@zQzQTStqtqTx
lsRv8l@[fT
waT\[.lszx
cfpqlsz[g
iktq^[ﬀ[fv8Zgx
pu¤E:^QTgRhTgz:cg·tqTg[NQTS^Qjmp[ocmpq:^QT\[[I^pu´"]_z:cmTg[@^QpqwQTSz:cﬀtqT¶v]s[m[m]_sTwaT\[wal@R]spuzTg[[fZSR]_z:cmpq:^QT\[
]_^Q`bls¢anoTScm[¨
U@Z
cm]s¢Qtqpq[m[ITgRTSz:cdwK¡ ^QzQTﬀxSlsjmjfT\[Iv8lszw]_zxSTºTgz:cfjmTtuT\[wal@R]spuzTg[waT¢]s[fTs·Ex
lsRRT! ﬁ8·BŁﬁ TSc&TSc
tuT\[.coe:v8Tg[wQTwalszQzZSTg[wQ^t]_z@]_@TºwQTºRlawaPgtup[f]_cfpqlsz<·aTgz¯tÕ¡ laxSx
^jfTgzx
Tdﬁ¦s. ﬂ
QRhlawaZgtup[m]"cfpqlszhwaTg[>wal@R]_pqzQTg[>[flsRRTg[ﬁv]_j>^QzT.NpuZgjm]@xyNQpuT.wK¡ NQZSjmp¥cy]_@TlDtqT.wQlsR]_pqzQTO[Il@RhRTOTg[Ic$[I^a
vETgjmxStq]@[f[fTwaT[IT\[kx
l@RvEl:[f]sz@cy[S·µTg^a`FR SRT\[$RlwQZStqpq[fZg[$vE]_jkwaT\[kx
t]s[m[IT\[>jfTgvQjmZg[fTSz:cm]sz@c$tqTg[$ZScfp:^QT
cfcfTg[
waTx
Tg[wQTSjmzQpuTgjm[ﬂ
;RhlawaZgtup[m]"cfpqlsz¯waT\[walsR]spuzQT\[OvQjmlwQ^Qp¥cy[v]sjwaTg[xStq]@[f[fTg[¸]spq[m]_z:ctF¡ ]ssjmZS@]_cfpqlszbwQTg[xSlsRvEl:[f]sz:cm[Ov]sj
^Qz zQlsR¢QjfTBwaTB´"]sjfp]_¢QtqTg[w<¡ pqz[Icm]_zEx
Tx
l@jfjmTg[fv8lszwQ]sz:c]s^«zlsRﬀ¢jfTBwaTxSlsRvEl:[f]sz:cm[wa^ wal@R]_pqzQT
vQjflawa^p¥c\·
}E^acfpqtup[m]"cfpqlsz waTwalsR]_pqzQT\[bZgz:^RhZgjm]_cfpqlsz v8ls^jjmTSvQjmZg[fTSz:cmTSjtuT\[wal@R]_pqzQTg[¤zQp[Ä©¸xSlsRRT ¾ sSÁ
À
	& s6Àﬃ7nﬁﬃ
	aÀ\¾ T
cdﬁÃ 	aÀ/&Õ¾ps% ﬁ 	ws6À/&¸Â@\ª

ââ Îkbl$lm$m
US}  4 # ﬁ
Program Decl
Test Identifier
DimensionValue
DeclTypeDeclContract
ContractTypeDeclConDecl
ContractType
Dimension
ConExp
ConExpSimple ConExpRefinement
Constraint
ConstraintOperator
1..*declares
executes
contract
dimension
for
named
type
named
1..*
defines
is
on-dimension
with-target
refined-contract
named
1..*
imposes-more1..*
imposes
enforces
DimValuePure DimValueQualified
LitSimple LitList
LitNum
Literal
is
is
0..*
value value
UnitNamed
UnitPercent
Unit
qualified-by
with-names
1..*
DimType
type
DimTypeSimpleDimTypeQualified
DimSort
of-sort of-sort
with-unit
DimSortNumeric DimSortEnum
DimsortEnumWith DimSortPoset DimsortSet
RelSem
Decreasing Increasing
with-semantics
with-semantics
with-semantics
with-semantics
named
cedgfih!
>
BlawaZgtup[m]"cfpqlsz¯waTt][Iez:cm]_`T]s¢[ocmjm]sp¥cmTºwQT¼ºk
ãgﬁâ<ãäß
 
		ﬀﬁﬂ	ﬃﬁ! #"$%&'&#)()()*,+-"./("/#0ﬀ	1324 65387'9:5 U j
kml ﬁ:nﬁÃ ﬁpoiqﬁ !¾8 	& s ﬁb\ 	ts6À &$0KŁ ﬁ: ! ﬁﬃx½Kqyoi>ls^jxSTh:^QpkxSlszxSTSjmzQThtuT\[ºwQlsR]_pqzQTg[[fZSR]_zQ
cfp:^QTg[:^QTºzQl@^[O]µ´slszE[waZS¤zQp[OvEl@^Qjd¼º«©ä¤@^QjfT j@ªÅ·tuT\[walsR]spuzQT\[[Icm]szwQ]sjmwQ[g·ax
l@RhRT ! ﬁE· BŁﬁ%TSc
·a[flsz:c.wapqjmTgxÅcmTSRTSz:cORlwQZStqpq[fZg[v]_j.tqTg[coevET\[.xyNE] TäzQTg[waTºxg]_jy]sx
cfPSjmTg[W©

/3}QªÅ·@zQlsR¢QjmTg[d©¸pqxSp /KM:ª$TSc
¢8l:l@tuZgTSz[W©WﬂKM/	ªÅ·_:^QTWzQls^[[I^vQvQv8l@[fTSjmlsz[kxSlszQz^[wa^¶RlawaPStqT©Õx
Td[flsz:cOwaTg[kcoe:v8Tg[waTd¢E]s[fTdwK¡Û.ªÅ
<T\[dwal@R]_pqzQTg[O¤EzQpq[ ¾psﬁgÀ
	& s6Àﬃ7nﬁﬃ
	aÀ\¾ T
cºﬁÃ 	aÀ &¸¾ s %ﬁ 	ts6À &¸Âs[fTvQjm 
cmTSz:cW§^zQTﬀRlawaZStqp[f]_cfpqlsz
TSzcoev8TºZgz^QRZSjy]"cfpqlsz Øtq[[flsz:cwaZ
¤EzQpq[v]_j¨

	 /tp}K?
w	tﬀ
	% 

wﬂM MVMtwKM2ﬂ ﬂt wKM
tKM83}?	



	ﬂ3}/	%

W	w}3t/t}2w/w}/
<TwQlsR]_pqzQT[flsRRT!  T\[ockjmTSvQjmZg[fTSz:cmZv]_jk^zQTx
t]s[m[IT]s¢[Icfjy]_pucfTﬁﬀ]µ´@Tgxcfjmlsp[k[fls^[IØx
t]s[m[IT\[ﬁxSlszxSjfPScfT\[
v8ls^QjBtqTg[B[flsRR]_zwQTg[¯zQl@RhRZgTg[

/ }8&ﬀ6·ﬂt/KM&ﬀ T
c

/3}/ 8&ﬀ8<TwalsR]spuzQTk s &Tg[IcBjfTS
vQjmZg[fTSz:cfZv]_jht]x
t]s[m[fTﬃ%ﬂ%Ätqpq]sz:chwaT\[xyN]#TzTg[hwaTxg]_jy]sx
cfPSjmTg[ﬀ§waT\[ﬀ´"]_tqTS^jm[hwaZSzl_cm]s¢QtqTg[hwa^­wal@R]_pqzQT
   px
pdjfTgvQjfZ\[ITgz:cfZv]_jt]Äx
t]s[m[ITB]_¢E[ocmjm]sp¥cmT ﬀ6k]Äx
t]s[m[fT!ﬀ]Ä:^]_cfjmT¯[fls^E[oØx
t]s[m[IT\[ﬀv8ls^jtuT\[¶[Il@Rh
R]_zwQTg[¯wa^ wQlsR]_pqzQTg[³¨ﬁ3}

	3}?ﬀ#"ﬂﬁ
w8&ﬀE·

	ﬂ/tw3}

	 }	$8&ﬀ6·%"ﬂﬁ8
w%

ﬀK/tw"8&ﬀÄTSc

	ﬂ/tw"ﬂﬁ
w#&ﬀ8mN]sxS^QzQTkwaTx
Tg[x
t]s[m[IT\[Kx
lsz:cmpuTgz@c<^zQTk´"]_tqTS^Qjwa^coevETkxSlsjmjfT\[Iv8lszw]_z:c<waT$tq][flsRRTs·
x_¡ Tg[IcIØ§"ØwapqjfT&3}

	3}	#"ﬂﬁ
tE·

	K%tw }

	3/}	8·"ﬂﬁ
w

	K%tw¶T
c

	K%tw"ﬁ
wEQzÄx
l@z@cmjm]_c
coevEZwa^¬walsR]spuzQT ﬂEnﬁ !¾ s6À
	QÂ_ÀT\[ocwaZS¤zQp>v]sjºt]x
t]s[m[IT&"ﬁ
w%

	K/tt¶xSlsRvEl@jIcy]_z:cºwQTS^a`´"]_
tqTS^Qjy[S·6tqTzQlsR wQ^coev8T¶waTx
lsz:cmjm]_ch©

/3}/QªT
ctqTxSlsz:cfjy]"cºtu^p¥ R SRTwaZ
¤zpkv]_jt]xStq]@[f[fT

	K/tt6
<T\[walsR]_pqzQT\[ ¾ s6À
	QÂ_ÀTSc ¾ s6À
	QÂsÀ  ﬂEnﬁZScm]_z:cwaTg[[flsjfcfT\[WwK¡ TSz´pqjfl@zQzQTSRTgz@c\·Ezls^[º]µ´sl@z[WwQZ
¤zQp
tqTg[x
t]s[m[fTg[Ox
l@jfjmTg[fvEl@zwQ]sz@cmTg[.x
l@RhRT[fls^[I xStq]@[f[fTg[waTt]hxStq]@[f[fTK%6a<T\[walsR]_pqzQT\[+  &¸ ﬁ%sﬁ &¸¾ s& ﬂEnﬁ8·
¾ps6À 
	QÂ_À#  &Õ ﬁ/s &¸¾ s·6  &Õ ﬁ/s &¸¾ s %¾ \ÀºT
c[  &Õ ﬁ/s &¸¾ s& ﬁSÀ[flsz:cdwaTg[WwalsR]spuzQT\[waTl@zxÅcmpul@z[d:^Qp
[flsz:c[fpqRhvtuTgRhTgz:cjmTSvjfZ\[ITgz@cmZg[v]_jwaT\[x
t]s[m[IT\[hwQTR SRT¯zQl@R[px
pF$l@^[jfTg´sTgzQlsz[pqRhRZ\wapq]_cfTgRhTgz:c
]_vjfP\[.[f^QjtqTx
l@z@cmTSz^¯waTx
T\[x
t]s[m[IT\[S 
i>ls^QjOt]hRhlawaZgtup[m]"cfpqlszwaTg[wQlsR]_pqzQTg[.l@zxÅcmpul@zQzQTgtq[g·ls^acmjfTtF¡ Zg´:pwaTgz@cmT^acfpqtup[m]"cfpqlsz¯waTRZ
cmNQlawaTg[Ov8ls^Qj
tqTg[jmTSvQjmZg[fTSz:cfTgjg·6waT\[wap
a¶xS^Qt¥cmZg[[fTvEl:[ITgz:cTgz¬xST@^pkx
lszEx
TSjmzQTtqTg[ºlszExÅcfpqlszE[ºw<¡ l@jmwajmT[I^Qv8ZSjmpqTS^QjTSctqTg[
lszExÅcfpqlszE[ﬀ©¸[fls^´sTSz:cW]szQlszeRTg[yªO^acmputqpq[fZST\[dxSlsRRTﬀTSz:cmp¥cmZg[ºwaTvQtqTSpqzwajmlspucg6<T\[vQjmpuzEx
pqv]_tqTg[dNQTS^Qjmp[ocmpq:^QT\[
v8ls^Qjv]@[f[fTSjwaT\[OlszExÅcfpqlszE[waT´"]_tq^]"cmpul@z§ht]RlawaZgtup[f]_cfpqlszls¢anoTSc[Il@z@c¨
U@RhlawaZgtup[m]"cfpqlsz waT\[l@zxÅcmpul@z[bxSlsRRTTSz:cfpucfZ\[bwaTvQtuTgpuz wajfl@p¥c¶vE]_jwQTg[¶jmTSvjfZ\[ITgz@cy]"cmpul@z­l@¢anoT
cwQT
TSjmRhTScf^QjmTg[ﬂ
Q^acfpqtup[m]"cfpqlsz waT´"]_jmp]_¢QtqTg[wK¡ puz[Icm]szx
T¬waTg[ls¢QnoT
cm[bTSjmRT
cm^QjfT³vEl@^QjBxS]svacf^QjmTSjtuT\[]sjf@^QRTSz:cm[waTg[
lszx
cfpqlsz[xS^Qjfjme:¤ZST\[ ﬂ
;^acfpqtup[m]"cfpqlsz¶wQTtq][I^jmxyN]sjf@T[I^QjtuT\[kcoev8Tg[wQTg[]sjf@^QRTSz:cm[ktul@jm[m:^<¡ ^zQTlszExÅcfpqlszT\[ocOwaZ
¤EzQpuTW[I^Qj.waTg[
]_jms^QRTSz:cy[.wQTWcoev8Tg[[flsRRTg[©Õ]_^acmjfT:^QTx
Tgtu^pwa^¯jfT\x
Tg´sTS^jyª ﬂ
}Epuz:cfjmlawa^x
cfpqlsz waTtÕ¡ NQZSjmpucm]_@Ttq§lD xST
cIcmTbjmTSt]"cmpul@zT
`apq[IcfTTSz:cfjmT¶tqTg[walsR]_pqzQT\[ﬀwaTR]szQpqPSjmTb§wap[o
x
jmpuRpqzQTSjTgz:cfjmTtuT\[coevET\[dwaTﬀ´µ]stuTg^Qjy[©t§lD¯l@zB^acfpqtup[fTﬀ[Il@^Q´sTgz:cdwaTg[lszx
cfpqlsz[xSlsRRTTSz:cmp¥cmZg[dwQT
vQtuTgpuz¯wajmlspucTSz¯[IZgR]_z:cfp:^QTwaZSzQlscm]_cfpqlszQzQTgtutqT\ª ﬂ
jQ^acfpqtup[m]"cfpqlsz¯waTvQjmZgxSlszwQp¥cmpul@z[O[I^QjtqTg[RhZScfNQlawaT\[OvEl@^QjT
`avQjmpqRhTgjtq][fZSR]_z:cmpq:^QT[Icm]"cmpq:^QT*ﬂ
#^acfpqtup[m]"cfpqlszwaTv8l@[IcmxSlszwQp¥cmpul@z[v8ls^QjTS`avQjfpqRTSjt]B[fZSR]_z:cfp:^QT¶waez]sRhp:^QTs·TSzjmTSR]_jy:^]_z:c@^T
tÕ¡ lsz¶v8TS^Qccmls^"nol@^Qjm[ZgxSjfpqjmTd^QzQTºv8l@[Icmx
l@zwapucfpqlsz¶ZScm]s¢Qtup[m[f]sz@cO§ﬀ:^Ql@p8wal@p¥cO 
cmjfTWZS:]_t8tuTºjfZ\[I^t¥cy]"c.w<¡ ^QzT
RhZScfNQlawaTv8ls^QjWxS]_vQcf^QjmTSjOtqTx
lawaTwaTt]RZScfNQlawaT!ﬂ
kml ﬁ:nﬁÃ ﬁpo9 ¾E 	)& s ﬁ:! ﬁ  ¾ sÂsÀ/&Õ¾psﬁ ! ﬁ Ã 	{g 	ts6À &$0KŁ ﬁ ! ﬁ x¶½Kq oTg[:^]"cmjfTwQlsR]_pqzQTg[wQT
lszExÅcfpqlszE[x
Tgz:cfjy]_^a`waTdzl_cfjmTd[fZSR]_z:cmpq:^QTdwQT¼º[flsz:ctqTg[.wal@R]spuzTg[\  &¸ ﬁ/sﬁ/&Õ¾ps	 ﬂEnﬁ8· ¾ps6À  	Â_À
Á
  &¸ ﬁ/sﬁ/&Õ¾ps·Q  &¸ ﬁ%sﬁ &¸¾ s %¾ µÀWT
c`  &¸ ﬁ/sﬁ/&Õ¾ps	 ﬁgÀd:^QTzQl@^[]µ´sl@z[.jfTgvQjfZ\[ITgz:cfZg[.v]sjwaTg[dx
t]s[m[IT\[.wQT
R SRTzQlsR¯a°º]_z[Ot][fZSR]sz@cmpq:^QT@·ax
T[Il@z:cOwaT\[lszx
cfpqlsz[OwaT´sZgjfpu¤Exg]"cfpqlszE[TScOtqTS^jm[.jm£stqTg[jfT\[Iv8Tgx
cI¸[[flsz:c
tqTg[º[I^Qpq´"]_z:cm[g6]blszx
cfpqlszwa^¬walsR]spuzQT:  &Õ ﬁ/s &¸¾ s	 ﬁgÀ[fTh¢El@jfzQTh§¶´@ZSjmp¥¤TgjW:^<¡ ^QzQTh´"]_tqTS^QjºRTg[f^QjfZgT
jmTg[fvET\xÅcfTﬀtq]xSlsz:cfjy]_pqz:cfTv8l@[fZST[f^Qjd^QzTﬀwapqRhTgz[fpul@z¯w<¡ ^Qz³x
lsz:cmjm]_cg8TScIcfTlszx
cfpqlszBTg[IcdvQjmlawa^QpucfTvE]_j^QzT
lszExÅcfpqlsz«x
^Qjmjme@¤EZST¯wa^­wal@R]_pqzQT   &¸ ﬁ%sﬁ &¸¾ s %¾ µÀb:^Qp]@xSxSTSvacmT^Qz­lsv8ZSjy]"cmTS^QjwaT¯x
l@z@cmjm]spuz:cmTbT
c^QzT
´"]_tqTS^Qj.x
pq¢QtqTWwaTWtq]x
lsz:cmjm]spuz:cfT@·_T
c.jfTScfl@^QjfzT^QzQTdlszx
cfpqlszbwa^walsR]_pqzQT`  &¸ ﬁ%sﬁ &¸¾ s& ﬁSÀ@_<Tg[klszx
cfpqlsz[
wa^wQlsR]_pqzQT ¾ s6À
	QÂ_À#  &Õ ﬁ/s &¸¾ s ]@xSx
TgvacfTgz:cd^QzQT´"]stuTg^QjWxSpu¢QtqTﬀTScW^QzT´"]_tqTS^QjWRhT\[I^jfZgTﬀwa^wal@R]_pqzQT
  &¸ ﬁ/sﬁ/&Õ¾ps  	QÃÕŁ ﬁ8
j
tutqTg[´@ZSjmp¥¤Tgz:cºt]xSlszal@jfRpucfZwaTtuTg^Qjy[W^zQp¥cmZg[waTRTg[f^QjmTv^Qpq[TgtutqTg[]svQv8TStqtuTgz@ct]
lszExÅcfpqlszwQ^walsR]_pqzQT   &¸ ﬁ/sﬁ/&Õ¾ps%¾ µÀvEl@^QjvQjmlsvE]_sTgjtq]´@ZSjmp¥¤8xS]"cmpul@zB[I^Qjdtq]´"]stuTg^Qjdwa^wal@R]_pqzQT  ·
waZg¢]_jmjm]@[f[fZSTkwQT.[flsz^zQp¥cmZ.wQTRTg[f^QjmTwaZInI§d´@ZSjmp¥¤EZSTs
j
za¤z·"tuT\[<l@zxÅcmpul@z[wQ^wal@R]spuzT  &¸ ﬁ/sﬁ/&Õ¾ps	 ﬂEn ﬁ
ââ Îkbl$lm$m
U #  4 # ﬁ
V
+equals(v:V) : Boolean
StringOfV NumOfV
-value : Real
StringsOfV
Unit
-value
NamedUnit
DimensionValue
+equals(dv:DimensionValue) : Boolean
+getV() : V
+getUnit() : Unit
DimensionTest
-cop : ConstraintOperator
-target : V
+test(v:V) : Boolean
ContractDimension
-cop : ConstraintOperator
-target : DimensionValue
-ds : DimensionSort
-u : Unit
+test(dv:DimensionValue) : Boolean
Contract
String
DimensionSort
-dt : DimensionTest
TypedContract
ContractType
ContractTypeOfDVTypedContractOfDV
ContractDimensionOfDV
DimensionTypeOfDV
DV
DimensionType
-ds : DimensionSort
Env
parameterized-by
parameterized-by
generates
is
type-name
builds-on
calls
0..*
to
0..*
binds
1..*
names
value
0..*
value
cedgf h $
>
BlawaZgtup[f]_cfpqlsz¯waTg[wQlsR]_pqzQTg[[fZSR]sz@cmpq:^QT\[waTﬀ¼ºk
TSz´@TStqlsvQv8TSz:c$tuTOcmls^acTSzx
l@z[ocmjf^pq[m]_z:c$wK¡ ^zQTv]sjIc$tqTg[>l@zxÅcmpul@z[\  &¸ ﬁ/sﬁ/&Õ¾ps%<¾ µÀTScwK¡ ]s^acfjmTv]sjIckx
TgtutqTg[
wa^Bwal@R]spuzT ¾ s6À
	QÂsÀ  &¸ ﬁ/sﬁ/&Õ¾ps
i>ls^QjjmTSvjfZ\[ITgz@cmTSj[fls^[l@jfRTwK¡ ls¢anoTScm[xSTg[l@zxÅcmpul@z[g·<zQls^E[^acfpqtqpq[flsz[tuT\[waTS^Q`³vQjmTSRpqPSjmTg[NQTg^Qjfp[I
cfp:^QTg[¶vQjfZ\x
Z\waTSz:cfT\[¯¨xyN]@@^T¯xStq]@[f[fT¯Tg[Icbwal_cmZSTwK¡ ^QzQTBRZScfNQlawaT]svQvETgtuZgT tt6·k]µ´sT\xbtqTg[¶v]_jy]_RP
cmjfT\[
]_vvQjfl@vQjmpuZ\[¶wQ]_zE[xyN]@:^QTxS]@[SO<T\[¶RZ
cmNQlawaTg[waT\[xStq]@[f[fTg[  }

	3/}?	#"ﬂﬁ8
w³T
c

ﬀK/tw"3}

ﬀ3}? 
vQjmTSzQzTSz:cTSzv]_jy]_RP
cmjfT\[.lsv8ZSjy]"cfTg^QjwaTx
l@z@cmjm]spuz:cmTWTScO´"]stuTg^Qjx
pq¢QtqTºv8ls^jpuzQpucfp]_tqp[ITgj.tqTg[O´"]sjfp]_¢QtqTg[OwK¡ pqz[o
cm]szx
T\[xSlsjmjfT\[Iv8lszw]_z:cfT\[kwaTg[x
t]s[m[IT\[ﬂ3}

ﬀ3}?	

ﬂWTSc 3}

ﬀ3}?	"tw6g<T\[´@ZSjmp¥¤8xS]"cmpul@z[kwaTWx
lszQlsjf
Rp¥cmZb[flsz:c¸]_pucfT\[]_^vQtq^[cm£_cﬀTScﬀtqTjfZ\[I^Qtucm]_cTg[Icﬀ´jm]spk[IptuT\[´"]_tqTS^Qjy[jmTg[fvET\xÅcmTSz:ctq]BxSlsz:cfjy]_pqz:cfTT
cﬀ¸]_^a`
[fpuzQl@z<
ãgﬁâ<ãäß
 
		ﬀﬁﬂ	ﬃﬁ! #"$%&'&#)()()*,+-"./("/#0ﬀ	1324 65387'9:5 U !
3}

	3}?ﬀ#"ﬂﬁ
w

}


WME¨u¨ t 
 

 3"/w}
w	8ﬂﬂ

 
 }

	3/}?	#ﬀtﬂM w

 
3}

	 }?	#ﬀKM wL
 
ﬂM%/

t
 
	KM&

%tKM ww



 
	 ﬀ

tﬀ ﬂ	[?


w8 }

M%/ 	KM?&

pK

Ww"
 
ﬀ

t8

?
 [B	t[ﬀ

t"t/8 b	Kﬀ

t8pO[	KM&

p

Ww"
 
twLM[ﬀ

tt


Wz´sZgjfpu¤TTgz¶vQjmZgxSlszwapucfpqlsz:^QTWtq]´"]stuTg^QjxSpu¢QtqT¸]sp¥c.v]_jfcfpqTdwaT\[k´"]_tqTS^jm[]swaRp[f[fpu¢tuT\[waTt]wapqRTSz[fpqlsz¶TSc
:^QThtÕ¡ lsv8ZSjy]"cmTS^QjwaTx
lsz:cmjm]spuz:cfTﬀTg[IcxSlsRv]"cmpu¢tuT]µ´sT\xtq][fZSR]_z:cfp:^QTwQTjmTSt]"cmpul@zxyNQlsp[fpuT@6]¶vQjmTSRpqPSjmT
v8l@[Icmx
l@zwapucfpqlsz¯Z
cy]_¢QtqpucW:^QTtuT\[´"]_jmpq]s¢QtqTg[wK¡ puzE[ocy]_zxSTg[waTﬀtÕ¡ ls¢anoTSc

ﬀK/tw"3}

ﬀ3}?	]s[m[IlaxSpuZ]_^coev8T
[flsz:cd¢QpqTSz¬waZ
¤zpuT\[ﬀ©l@z[f^QvQv8l@[fTﬀtF¡ TS`p[IcfTSzEx
TwQTg[d]@xSxSTg[m[ITg^Qjm[d]_vQvQjmlsvjfpqZg[g·QzQl@zaFRTgz@cmpul@zQzQZ\[dwQ]sz[dtqTwQpq]_
sjy]_RRThvEl@^QjzQTv]s[ºtF¡ ]stul@^QjmwQpujpqz:^QcfpqtuTgRhTgz:cyªÅ·KTSctq][fTgx
l@zwaThZ
cy]_¢Qtqp¥ctqTjfZ\[I^Qtucm]_cxSlsRRTtÕ¡ ]_vQv8TStk§t]
RZ
cmNQlawaT tt¶waTxST
cfcfTwapqRhTgz[fpul@z¯wQTx
lsz:cmjm]_cg

	ﬂ/tw3}

	 }?ﬀ6¨q¨ /w/ 8%
 
 }

	 }ﬀ#ﬀ/KM wW
 
KﬂﬂM%%ﬀ

t
 
	KM&

J%

t
	E}" 

Ww"
 
twLM[	KM8&

p

tt %

t8ﬀ 
ox
pF·xs¡ T\[octF¡ TS`a]@xÅcmp¥cm^waT¶waTtF¡ ^zQp¥cmZ¶waTRTg[f^QjmTwQTtq]¯´"]_tqTS^jRhT\[I^jfZgT:^QpTg[Ic´@ZSjmp¥¤EZSTTSzÄvQjmZgxSlszwapucfpqlsz·
]_tqlsjy[$:^QTt]vEl:[ocyx
l@zwapucfpqlsz¶[g¡ TgzhjmTSRTSc§tq]ﬀ[Il@jIcmTOwQTdwapqRhTgz[fpul@zvEl@^Qj$¸]_pqjmTtq]´@ZSjmp¥¤8xS]"cmpul@zh[f^Qjkt]´"]_tqTS^j
waZg¢]_jmjm]@[f[fZSTºwaT[flsz^QzQpucfZwaTRTg[f^QjmTs
3}

	3}?ﬀ

ﬂ8¨q¨ w"$
 

	 %p}K$?
t	t?	 
 
ﬀ

 
ﬀ$
 
WﬂKM%%	

t
 
	KM&

%tKM ww



 
	 ﬀ$	[?


w8 }

M%/ 	KM?&

pK

Ww"
 


t8

?
 [B	tJ

t"t/8 

Ww"
 
twLMJ

tt


]bv]_jfcfpqTh´µ]stuTg^Qj©¸[m]_z[º^QzQpucfZµªdwQTt]xSpu¢tuThT
cwaThtq]´"]_tqTS^QjºRTg[f^QjfZgTh[flsz:cºpqxSpﬁ´@ZSjmp¥¤EZSTg[WjmTg[fvET\xÅcfpq´sTgRTSz:c
TSz¯vQjmZ
kTScTSz¯vEl:[ocyx
l@zwapucfpqlsz<
# }

	3/}?	#"tt6¨q¨ w3ﬀ%
 
ﬀ 
 
ﬂM%%	

t
 
	KM&

%tKM ww



 
	 	M8&

//8 	K


w83}

M%/ﬀKM8&

?
 .	ﬂM&

 

Ww"
 
	KM&

"
tKM>}


LMt}ﬀwtt LM 	KM8&

t/8 %$

Ww"
 
	ﬂM8&

  }3t/t}B	t[	KM8&

"
%ﬂ$
}


LMt}ﬀwtt LM tKM

ttKM%8p}?ﬀ	KM?&

%t?% 

Ww"
 
	ﬂM8&

  }3t/t}B	t[	KM8&

"
%ﬂt wKMW
}


LMt}ﬀwtt LM 	KM8&

t/8 %  	tKM

	t# KM%83}"		ﬂM8&

	/8  % 

Ww"
 
	ﬂM8&

 //wt/t}B	t[	KM8&

"
 M$
}


LMt}ﬀwtt LM tKM

ttKM%8p}?ﬀ %KM&

t 

Ww"
 
	ﬂM8&

 //wt/t}B	t[	KM8&

"
 Mt wKMW
}


LMt}ﬀwtt LM 	KM8&

t/8 %  	tKM

	t# KM%83}"	 %$	M8&

t	//8 
ox
pF·_t]ºvEl:[ocyx
lszEwap¥cmpul@zRhl@z:cfjmT.tqTxS]stqxS^QtQ§º¸]_pqjmT.v8ls^jk´sZgjfpu¤TSj>t]´"]_tqTS^Qj$RTg[f^QjmZSTOTSz^acmputqp[f]sz@c[fpqRhvtuTgRhTgz:c
waT\[xSlsz:cfjy]_pqz:cfTg[wK¡ Zg@]stupucfZ\[S:<Tg[]_tucfTgjfz]_cfpq´sT\[waTt]l@zxÅcmpul@zb[flsz:cwaTg´sTSz^QT\[k^QzTW]_zE]_tqe[fTwaTºxS]s[v]_j.waTg[
pqRhvtupxS]_cfpqlsz[OTgz.
lscfl@z[tF¡ ^acmputqp[f]_cfpqlsz waT\[bwaTg^a` waTSjmzQpqPSjmTg[NQTg^Qjmpq[Icfp:^QTg[g·x
TgtutqTg[waTg[bvQjmZ
ﬀTScv8l@[Icmx
l@zwapucfpqlsz[g·kv8ls^Qj
waZS¤zQpqjt][fZSR]_z:cfp:^QTW[Icm]_cfp:^QTﬀ©´@ZSjmp¥¤8xS]"cmpul@z¶waTWxSlszal@jfRpucfZdwQTg[lsv8ZSjy]"cfTg^Qjy[kT
cO[IZgR]_z:cfp:^QTdwaTWjfTgtq]_cfpqlsz
waTR SRT:^QTtF¡ ]svQv]_jfcfTgz]_zEx
TwQTt]´"]stuTg^QjhxSpu¢tuTB]_^Q`Ä´"]stuTg^Qjm[h]swQRhp[m[Ipq¢QtqTg[[I^jt]³wQpuRTSzE[IpqlszEªﬀT
ct]
[fZSR]_z:cfp:^QTwaez]_Rp:^QT¶©´@ZSjmp¥¤Exg]"cmpul@zwa^BjmTg[fv8TgxÅcwaTﬀtq]x
l@z:cfjy]_pqz@cmTv]_jt]´"]_tqTS^QjRT\[I^QjmZSTµªÅ
j
zQ¤z<·tqTg[
lszExÅcfpqlszE[waTg[dwalsR]_pqzQT\[4  &Õ ﬁ/s &¸¾ s& ﬂEnﬁTSc]  &Õ ﬁ/s &¸¾ s	 ﬁgÀWwapu»8ZgjfTgz:cdwK¡ ^zQTﬀ[flsjfcfTwaTwapqRTSz[fpul@z
§tF¡ ]s^acfjmTs·:wK¡ lDtÕ¡ ^acfpqtqpq[m]"cmpul@z¶waTtF¡ NQTg^Qjmpq[Icfp:^QT[I^jtF¡ NQZgjfpucm]ssTOv]sjkpuz:cmjflawa^x
cfpqlsz¶waTWwaZ
¤zp¥cmpul@z[kwapu»8ZgjfTgz:cfTg[
[f^QjkwaTg[$[fls^E[oØx
t]s[m[IT\[]svQvQjmlsvQjmpqZSTg[g·"x
l@RhRTOpx
p#3}

	3}?ﬀ#"ﬂﬁ
w

}


M%.v8ls^Qj$tqTg[$wQpuRTSzE[Ipqlsz[$[m]_zE[>^QzQpucfZg[
waTBRTg[f^QjmT¯T
cﬃ# }

	3/}?	#"ttBv8ls^QjbtuT\[[Il@jIcmTg[waTBwapqRTSz[fpul@z ZSz^QRZSjy]"cmpul@z­]µ´sT\xjfTgtq]_cfpqlszl@jmwQjfT@
Wz­[f^QvQv8l@[fTs·$wQ]sz[tq]¬waZ
¤Ez@cmpupqlsz«waTtuTg^Qjm[hRZ
cmNQlawaTg[ tw8·>:^QT¯x
Tg[xStq]@[f[fTg[ﬀvEl:[f[fPgwaTgz:ch^QzT´"]_jmp]_¢QtqT
wK¡ puzE[ocy]_zxSTC%tKM wtﬀxSlsz:cfTgz]_z:cOtÕ¡ TSzE[ITgRﬀ¢QtqTwaT´"]_tqTS^Qjy[]swaRp[f[fpq¢QtuT\[[ITgtul@zt]swQp¥cmTwQpuRTSzE[Ipqlsz< 
TSjfcm]spuzTg[.waZSzQlscm]_cfpqlsz[.:^QpKjfTg´puTgzQzQTSz:c.jfZgs^QtqpuPgjfTgRTSz:c.wQ]sz[.tuT\[O[IZgR]sz:cfp@^Tg[OwaZSzl_cm]_cfpqlszQzTStqtuT\[RZ

jmp¥cmTSz:c^Qz«cfjy]_pucfTSRTgz@cv]sjIcmpqxS^QtqpuTgjgW¡ Tg[IctuTBxS]@[waTg[Tgz´:pqjmlszQzQTgRTSz:cm[gØtq[l@z@c@ZSzQZgjm]stuTgRhTgz:ch^QzTBjfTS
vQjmZg[fTSz:cm]_cfpqlszBl@zxÅcmpul@zQzQTgtutqThw]_z[WtuT\[[IZgR]sz:cfp@^Tg[ºwaZSzQlscm]_cfpqlszQzQTgtutqTg[g
j
zv]@[f[m]_z:c§b^QzTRlawaZStqp[f]_cfpqlsz
ls¢QnoT
cg·putvETg^acﬀ 
cmjfTvtu^[ﬀpuz:cmZSjmTg[m[f]sz@cwK¡ pwaTSz:cfpu¤TgjﬀwaTg[TSz:cfpucfZ\[ﬀ:^QpKnol@^QTSz:cﬀtqTjf£@tuT¶w<¡ Tgz:´pqjfl@zQzQTgRhTgz:cwQT
R]_zQpqPSjmT¶§¯vQtqlszQ@TSjtqTg[´µ]stuTg^Qjy[[IZgR]_z:cfp:^QTg[w]_z[xSTg[Tgz:cfpucfZg[gdzls¢anoTScnols^QTbz]"cm^QjfTgtutqTSRTgz@ctqT¶jm£stqT
wK¡ TSz´pujmlszzQTSRTSz:c\·EvQ^pq[m:^<¡ pqt>[ITgjIc§¶tqpuTgjºwaT\[dpwaTgz@cmp¥¤8xS]"cmTS^Qjy[h©´"]_jmpq]s¢QtqTg[dw<¡ pqz[Icm]_zEx
Ts·6´"]_jmp]_¢QtqTg[WwaTxStq]@[f[fT
ls^BRZScfNQlawaT\[mªd§bwaT\[´"]_tqTS^Qjy[g ØtﬁTg[IcWv8l@[m[Ipq¢QtqTﬀwK¡ ^acfpqtup[fTSjWxST
cfcfT]sz]_tqls@puTwQTﬀR]_zQpqPSjmTﬀ§jmTSvjfZ\[ITgz@cmTSjvtu^a
ââ Îkbl$lm$m
U $  4 # ﬁ
[fpuTg^Qjm[WwalsR]spuzQT\[[fZSR]_z:cfp:^QTg[dTSz´pujmlszzQTSRTSz:cy[v]_jºwaTg[dls¢anoTScm[Wwalsz:cdt]¶x
t]s[m[fTﬀwaZgxStq]sjfTgjm]htqTg[d´µ]sjfp]_¢tuT\[
ls^RZ
cfNlwQTg[Owa^bzlsR²waT\[pwaTgz@cmp¥¤8xS]"cmTS^Qjy[.§ﬀtqpuTgjg)i$lspqjOzQl_cmjfTWZ
cm^waT[IZgR]sz:cfp@^TºwaT¼ºvEl@^QjOvQtu^E[.wQT
waZScm]_pqt[[I^QjxST
cfcfT]_vvQjflaxyNQTﬀ] ]_t@` 
  	  
 	% 	  
     .	 
*ﬀ "	 
i>ls^QjxST@^px
l@zx
TgjfzQTtqTg[ºl@zxÅcmpul@z[waT´"]_tq^]_cfpqlsz<·KtF¡ pwaZgTsZSzZSjy]_tqThxSlsz[fpq[IcfT§¯tqTg[ºcmjm]sz[ol@jfRTgjºTgz
RZ
cmNQlawaTg[ºwaZ
¤EzQpuT\[W[f^QjºtuT\[WxStq]@[f[fTg[WwaTﬀt]b[fez:cm]"`aTﬀ]s¢[Icfjy]_pucfTﬀwaTR]_zQpqPSjmT§vjflawa^QpqjmTwaT\[dpqz[Icm]_zEx
Tg[WwaTg[
x
t]s[m[fTg[jfTgvQjfZ\[ITgz:cm]_z:c.tuT\[´"]stuTg^Qjm[O[fZSR]_z:cmpq:^QT\[.xSlszxSTSjmzQZST\[SQWzbjmT
cmjfl@^Q´sTWpqxSpKtuT\[.pqwaZgTg[Owa^v]"cmjfl@z fﬁg"$F
+-"/gb"waZInI§RTSz:cfpqlszQzZs·@§ﬀx
TgxSpvQjmPg[:^<¡ TgztupqTS^bT
cvQt]sxSTdwaT\[$lszExÅcfpqlszE[wK¡ ZS´"]_tq^]_cfpqlsz¶wK¡ ^Qzpqz@cmTSjmvEZScfTg^Qjg·
zQl:[RhZScfNQlawaT\[jmZg]_tqp[ITgz@ctqTg[l@zxÅcmpul@z[waT´"]_tq^]_cfpqlsz<l@RhRTpqt[g¡ ]sspucwQT¶x
jmZg]"cmpul@z¬w<¡ l@¢anoT
cy[S·<l@z³vjfls
wa^Qpqjy]vEl@^QjtF¡ T\[f[fTSz:cfpqTSt^QzBTSz:cfjmTSt]sxSTSRTSz:cwaTRZScfNQlawaT\[waTﬀxSjfZ\]"cfpqlsz¯wK¡ ls¢anoTScm[©Õx
l@z[ocmjf^ExÅcfTg^Qjy[TSzB:]µ´µ]:ª
[g¡ ]svQvETgtq]sz:cOtqTg[O^zQTg[tqTg[]s^acfjmTg[g
kml ﬁ:nﬁÃ ﬁpo ¾ sÂsÀ/&¸¾ sﬁ! ﬁ  	QÃÕŁ 	QÀ/&¸¾ sﬁ! ﬁ9x¶½Kq oai$]_j$R]sz:^QTwK¡ Tg[fv]sxSTs·_pqtQzQTzls^[>T\[ocvE]s[>v8l@[m[Ipq¢QtqT
px
p>waThwQZ
cm]sputqtqTSjºtq]bjfZ\]_tqpq[m]"cmpul@z¯wQTﬀcmls^acmTg[WtuT\[l@zxÅcmpul@z[WwQTﬀ´"]_tq^]"cmpul@z<8ikjfTgzQlszE[d^Qz³[ITg^Qt>T
`aTSRvQtqTs·6x
Tgtu^Qp
waTºtq]ﬀlszExÅcfpqlszwaTº´µ]stu^E]"cfpqlszbvEl@^QjOtuT\[.[flsjfcfT\[wQTºwapqRTSz[fpqlsz[ZSz^QRZSjy]"cmpul@zb]µ´sT\xjmTSt]"cmpul@zbwK¡ lsjywajfT@¹ap8tqTg[
lszExÅcfpqlszE[waT´"]_tq^]"cmpul@z[[Il@z:c]svQv8TStqZSTg[ %tKM·lsz¯waZ
¤zpujy]_puc¨
3}


ﬂ

E}3 K¨q¨ %KMO
 
3}

ﬀ }"	

	

Ww"
 
twLM<w  3}

	 }?	#"wKM&

%tKM wt 7KMt	


%tKM   

%tKM ﬂ
3}

	3}?ﬀ

ﬂ8¨q¨  }

	p}? 

 }	
 

wﬀ3	/

/3}  
 
 
 KM%83}	



	K3}% \
 
	/tﬂM%83}?ﬀ

Ww"
 
	KM&

%tKM wwK}%B	tb	KM&

    	tb	ﬂM8&

 
l@^[<[f^QvQv8l@[flsz[<pqxSp@:^QT$t]x
t]s[m[IT3}


ﬂ% 

E}"vEl:[f[fPgwaTkwQTg[<´"]sjfp]_¢QtqTg[Kw<¡ pqz[Icm]_zEx
T %tKM wwa·$tﬂMt	

T
c xSlsz:cfTgz]_z:cOjfT\[Iv8Tgx
cfpq´sTSRTgz@cOtqTg[Oz(^w[.wQTWcoev8Tg[

t	3	/

/3}/ ·  KM



TSc 	%twQTg[O[Il@^[I
T
`avQjmTg[m[fpul@z[SQdls^[d[I^QvvEl:[Il@z[ZS:]_tqTSRTSz:cd:^QTt]lszExÅcfpqlszBwaTﬀ´µ]stu^E]"cfpqlszB[f^QjtqTg[WxyN] TäzQTg[dwaTxS]sjm]@xÅcfPgjfT\[
©jmTSvjfZ\[ITgz@cy]_z:c§Bt]lsp[tuTwalsR]_pqzQT¶[fez@cy]"`ap@^T6fﬁﬂ	 JK"T
ctqTbwalsR]spuzQT¶[fZSR]sz@cmpq:^QT ! ﬁaªT\[ocﬀtF¡ puza
waTgz@cmp¥cmZs
j
zQ¤zÄzQls^[[f^QvQv8l@[flsz[:^QThtÕ¡ ZS:]_tqp¥cmZh[f^QjtqTg[´"]_tqTS^Qjy[ºwaTg[wal@R]_pqzQTg[ºTg[IcwaZ
¤zpkx
lsjmjmTgxÅcmTSRTSz:c\·
x_¡ Tg[IcIØ§"ØwapqjfT:^<¡ TStqtuTjmTSvQjmZg[fTSz:cfT¢QpqTSztF¡ Zg@]_tqpucfZvQjml_lszEwaTT
czQl@z[f^Qv8TSjf¤Ex
pqTStqtuTt§hlDputtuT¸]s^acg 
 
#>
	ºﬃ .¶
Øtz¡ TS`p[IcfTbvE]s[ﬀ§zQl_cmjfTbxSlszQzE]_p[f[m]_zxST¶waTcmTSz:cm]_cfpq´sTwQT¶RlwQZStqpq[m]"cmpul@zTSzW waT\[ﬀ[fZSR]_z:cmpq:^QTb[
waZgzQl_cy]"cfpqlszzQTStqtuT\[wQTt]_zQ:]_@Tg[ﬀwQTvQjmls@jm]sRR]_cfpqlsz<i$]_jx
lsz:cmjfT@·ﬁtF¡ ]_vQvQjmlaxyNQTb]_`pqlsR]_cfp@^T]¬waZonI§³Z
cmZ
^acmputqpq[fZST@·RTgjmxSpW]_^ vjfZST
cvEl:[ocyx
l@zwapucfpqlsz[bTSzC.·wal@z@ctÕ¡ T
`aTSRvQtqTtqTvQtq^[x
l@RhvtuTScTg[IcxSTStq^QpºwQT
tF¡ VdHﬂ	#Yeﬀﬁﬂ	H$v8ls^QjWdA]Ûº_QU`Fdls^[d]µ´slszE[Zg@]stuTgRhTgz:cORTgz@cmpul@zQzQZﬀ§:^QTgtq:^QT\[jfTgvQjmpq[fTg[.t]
v]sjfTgz@cmZ¶waTbzl_cfjmT¶]_vvQjflaxyNQT¶wQT¶RlwQZStqpq[m]"cmpul@z waTg[[IZgR]sz:cfp@^T¶waZSzQlscm]_cfpqlszQzQTgtutqTg[]µ´sT\xhxSTStqtuTbvQjfl@vEl:[IZgT
v]sjtuTv]_cfjmlsz¯waTx
l@zx
Tgvacfpqlszhf$\G"ﬂ+-".gb"cmTSt:^QTvQjmZg[fTSz:cmZºvE]_j _]_RR]T
c]_tF:] _ diW~)j·Qv<E_};`F

13ﬀ.
ﬃ	
	W
ﬃ	S .
(
O#ﬁ
(
 		
l@^[k]µ´@lsz[>vQjmlsv8l@[fZO^QzQTd]svQvQjmlaxyNQT[Iea[IcfZSR]_cfp@^TT
cNQTg^Qjmpq[Icfp:^QTv8ls^QjkRlawaZgtup[ITgjkTSz¶WBTScO.
waT\[h[fZSR]sz@cmpq:^QT\[wQZSzQlscm]"cmpul@zQzQTgtutqTg[hwaTg[ht]_zQ:]_@Tg[ﬀwQTvQjmls@jm]sRR]_cfpqlsz<ﬁ<T\[hwQTS^a`]µ´"]_z:cy]_sT\[ﬀwaT¯x
TScIcmT
]_vvQjflaxyNQTO[flsz:c.¨"^zQTOT
`avQjmTg[m[IpqlszﬀwQT.t][IZgR]_z:cfp:^QT.wQTg[>t]_zQ:]_sT\[<vQtq^[$]s¢El@jmwQ]s¢QtqTv]sj>tuT\[>vQjfl@sjy]_RRTS^Qjy[
cfl@^ac¶TSz ZScm]_z:clszEwaZST[f^Qj^QzQT]svQvQjmlaxyNQTlsjmRhTgtutqTs·$TSc¶^QzQTBpqz:cfZS@jm]_cfpqlsz«§³t]°±0wQTBRhlawaPgtuT\[waTg[
t]_zQ:]_sT\[OwaTvQjmls@jm]sRhR]_cfpqlsz:^Qp^acfpqtup[fTﬀd·E[flsjfcfTwaT 
	%)(ﬁX I".-HI¶wQTg[d]sjmxyNp¥cmTgxÅcm^QjmTg[.lszEwaZST\[[I^j
tqTg[RlawaPStqTg[gdls^[]µ´@lsz[.pqtutq^[IcfjmZﬀx
TScIcmT]_vQvQjmlaxyNQTv]_jW[Il@z]svQvQtqpqxg]"cfpqlszB§t][IZgR]_z:cfp:^QTwK¡ ^zBtq]szQ@]ssT
[fvEZ\x
pu¤E:^QT]_^¯walsR]spuzQTwaT\[x
l@z@cmjm]_cm[OwaT:^]stupucfZwaT[fTSjm´pqxST]svQv8TStqZ¼ºk
 .puTgz:^QTﬀvQtq^[º]_¢8lsjywQ]_¢tuT§t]¶R]_nolsjmp¥cmZwaTg[WvQjmlssjy]_RRTS^jm[:^<¡ ^QzQTh[IZgR]sz:cfp@^TﬀwaZSzl_cm]_cfpqlszQzTStqtuT@·
tqTRlawaPStqTd>¦s.wQTt][fZSR]sz@cmpq:^QTwaT¶¼ºwQTSRTS^QjmTx
lsRvQtqT
`aT@6¹^jxSTSjfcm]spuz[Wv8lspqz@cy[S·KxSlsRRT
t][Iez:cm]_`T]s¢[ocmjm]sp¥cmTs·atF¡ ^QcfpqtupucfZﬀw<¡ ]µ´@lspqj.^zBRhlawaPgtuTWÄzQT[fTjfZg´sPgtuT:^QTtqlsjy[f:^<¡ put<[g¡ ]_spucdwaTtqTcfjy]_pucfTgj
]_^QcflsR]_cfp@^TSRTSz:cdv]sjdwaT\[ls^Qcfpqtq[Wd ﬂ6[fpuzQl@z<·t]¶[fez@cy]"`aT]_¢E[ocmjm]sp¥cmTTg[IcWvQjmls¢]s¢QtqTSRTSz:cvQtq^[¸]@x
pqtuT§
tqpujmTsa]v]sjIcmpuTWcfjy]_z[IlsjmR]"cmpul@zbwaTg[Owal@R]_pqzQTg[OwaTWlszx
cfpqlsz[O[fTWjmTSv8l@[fT[I^QjwaT\[.NQTS^Qjmp[ocmpq:^QT\[vtu^[Els^QT\[
ãgﬁâ<ãäß
 
		ﬀﬁﬂ	ﬃﬁ! #"$%&'&#)()()*,+-"./("/#0ﬀ	1324 65387'9:5 U\~
:^QThtuT\[W]s^acfjmTg[Wv]_jfcfpqTg[g Øt>[g¡ ]_spucWpx
p$wK¡ T
`aTgjmxSTSjºTSzxSlsjmTﬀ^QzQTlsp[WtÕ¡ puz:cm^Qp¥cmpul@z³TScºtF¡ T
`avEZgjfpqTSzEx
TwQ^RlawaZStqp¥
[m]"cfTg^QjWwQTﬀR]_zQpqPSjmTﬀ§bpuz:cfjmlawa^QpqjfTwaTg[WRlwQPStqTg[d]µe:]_z:cd§¶t]l@pq[d^Qz[d¤tqpq]_cfpqlszxStq]spujmTﬀ]µ´sT\xtq][IZgR]_z:cfp:^QT
waZgzQl_cy]"cfpqlszzQTStqtuTTScd@^pK^acfpqtup[fT¢QpuTgz¯tuT\[vEl:[f[fpq¢QputqpucfZg[wQTtq]hRlawaZStqpq[m]"cmpul@zl@¢anoT
c\
k¡ T
`aTgjmxSpqxST]_^:^QTgt@zls^[zQls^E[[flsRRTg[tupq´jfZ\[z<¡ Tg[Ic¢puTgz[.PQjv]@[xSlsRvQtqT
c\µTg[NQTS^jfp[ocmpq:^QT\[:^QT.zQls^E[
]µ´sl@z[kvjfl@vEl:[IZ\[[g¡ ]svQvQtqpq:^QTgz@c.¢QpqTSz§waTg[O[fZSR]_z:cmpq:^QT\[kzQTx
l@Rhv8lsjfcm]sz:c:^QTºwQTg[ls¢anoTScm[R]_cfNQZgR]"cfp:^QTg[
jmTSt]"cfpq´sTgRTSz:c[IpqRvQtqTg[g·_T
cTgz¸]_pucvQjmlaxyNQTg[kwQTg[[Icfjm^x
cf^QjmTg[$waTWwalszQzZSTg[x
t]s[m[Ip:^QTg[g
ØtjmTg[IcfTgjm]sp¥ck§TS`avQtul@jfTgj
vQtq^[[Iea[IcfZgR]_cfp:^QTSRTSz:ctuTxg]"cm]stul@s^QTwaTg[wal@R]_pqzQTg[º[IZgR]_z:cfp:^QTg[x
l@zQz^[ºwaTR]szQpqPSjmT§TSz¬vQjfl@vEl:[ITgj
waT\[.cfjy]swa^x
cfpqlszTSzcfTgjfRTwaTRlawaPStqTls¢QnoT
cvEl@^Qjx
l@RvQtuZScfTgjx
Tcfjy]µ´"]_pqtÕ
  O# .	

@TcfpqTSzE[º§bjfTgRTSjyx
pqTSjdtqTg[ºRTSR¢QjmTg[ºwa^vQjml_noTScºMjfp[frsTStqt>waTﬀtF¡ oX I¹a± vEl@^QjWtqT[Il@^acfpqTSz]svQv8lsjfcfZﬀTScºtqTg[
wap[fxS^[m[Ipqlsz[$]s^acfl@^QjwaTt][fZSR]_z:cmpq:^QTwaTº¼ºBwalsz:c[flsz:ckpq[m[f^[$tqTg[$pwaZST\[kvQjmZg[fTSz:cmZSTg[>px
pF¼W^TWNQjfp[Icfp]_z
¼W^QTgpuzQzTgxWjfT
lspq´sTWZS:]_tqTSRTSz:cORhT\[.jfTgRhTgjmxSpuTgRTSz:cm[.v8ls^Qj[flszb@ZSzQp]_tKp¹i._M
j
N{:^QpKR¯¡ ][fTSjm´p6§RT
cfcfjmT
TSzv]ssTOt][IZgR]sz:cfp@^TOwQZSzQlscm]"cmpul@zQzQTgtutqTs_Tg[$RlawaPStqTg[d¯l@z@ckZScfZxSlsz[Icfjm^Qpuc$[fls^E[>iﬁl:[ITgpqwQlszUs Q·s]µ´@Tgx
tqTg[]µ´"]_z:cm]ssT\[TSctuT\[waZ
¸]s^acm[wQTx
T
cl@^acfpqtF
   "O#ﬁ 
] w OwbiW~ # ` QwaT O]sr:r@TSjOT
c
j
8waT'idpqzQr6S9 #ﬁﬂ".WF! Y[#\	HÅkoM ikjfT\[f[g·KUg~@~&#
] _ diW~j#`
j
-_]sRhR]·QX dTStqR·EXE@lsNQzE[Il@z<·aT
cdEEidtqp[f[fpqwQTg[g*$	
(
	,g"$ﬁ ﬀﬁ  dbF
ﬀ&67 ﬀIHﬂF$7M"$	\GI0Y[  I!#".Sk±wQwap[Il@za ³T\[ItqTSe@·KUg~s~)ja
] ]_t@#` $]stuTgza¸]_z:cgdzQT¯Z
cf^EwaT[fZSR]sz@cmpq:^QTwa^«tq]szQ@]ssT¼ºX]_vQv8lsjfchcfTgxyNzQpq:^QT@·oX I¹a±·
_s:a
] Bl@[m~s` iﬁ °8Bl:[f[fTg[g°dTgzQl_cy]"cmpul@z]_t>¹TSR]_z:cmpqxg[S Øz*#-ﬀI   ﬁ/".	HI#M9 #X+-bg" YeH	-HI
·
xyN]_v<KU@Us·av]ssT\[Mj%!j
>
#;Us
j
tq[fTS´pqTSjd¹axSpuTgzx
Ti^Q¢Qtqpq[fNQTSjy[ﬁﬀ oM ikjmTg[m[g·KUg~s~@Q
]Ûº_QU` º_hKVXHﬂ	#hY[#\	H  #"SﬂEZ2  L5>·]_jyxyN_@QU@
]Ì¹axyN $&#` °ﬀ ±s¹axyNRhpwc\ﬃ*-G	-#cY[#\	H- ﬀﬂEC#&.(ﬁ  #",)(ﬁ()d{#/+eﬀﬁF ³R¯
W) .jfl
zik^Q¢Qtqpq[fNQTgjm[g·KUg~ $&#Q
]Ì¹ax
l"! # ` °W]sz]¹6Q¹axSl_cfcg°º]"cy]coev8Tg[O]s[tq]_cIcmpqxSTg[g Ycf/V8   bb"$-#: 9  +eb	%c(_·Ejb¨ j@s
>
j $ !·aU\~%! #
]Ì¹ax
l%$@ ` °W]sz]«¹K¹Qx
l_cfcg²°WlsR]_pqz[lsj¯waTgzQl_cy]"cfpqlszE]_t[ITgR]sz:cfpxS[g Øz 	 ".CHII/	%)( fﬁg"$e#ﬂ	#-
9 %Cﬃb	%b #hVdbGﬀG!45 )(ﬁ()$"! -#	M"..(".*0	%)(%$ &('@·Ug~ $@Q
]Ì¹:cfl"!&!C` sl:[ITgvQN
j
µ¹cfl"es)*-G	-#Ye#ﬁﬂ	H*+ﬁ YeHI#ﬂﬂFGY\ﬂ".H"E VK++-".CH"*g,	M"..(".*0	%)(
5 )(ﬁ()EI""oM ikjfT\[f[g·E.]_R¢Qjmpqwa@Ts·a±ﬀ·<Ug~ !&!
ââ Îkbl$lm$m
Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)
  	


  
ISSN 0249-6399
